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ADVERTISEMENT 


OF  T JL  E 


EDITOR. 


H AVING  found  it  impoflible  to  execute 
the  whole  of  this  volume  within  the  time 
prefcribed,  in  conformity  with  the  title,  and 
the  plan  of  the  firft  fheets,  I think  it  incum- 
bent on  me  to  declare  that  many  of  the 
Honourable  members  who  have  fupported 
this  injflitution  with  their  fubfcriptions,  have 
been  prevented  by  official  and  important  en- 
gagements from  paying  any  attention  to  the, 
proceedings  of  this  firft  feffion  ; and  that  even 
the  Committee  of  Publication  have  not  had 
the  intended  opportunities  of  improving  thefe 
pa  ges,  10  make  them  worthy  of  their  fanflion, 
Tire  imperfedlions  and  errors  are  therefore 
imputable  to  the  Editor  alone  ; who 

the 
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the  indulgence  of  the  reader,  in  confider^- 
tioTi  of  the  daily  duties  of  his  profeflion^  and 
the  hurry  with  which  the  numerous  fubjedls 
of  this  volume  have  been  abilradled  from  the 
minutes,  and  printed  as  faft  as  the  Prefs  could 
be  fupplied  with  Copy.  The  firfl  meeting 
of  this  year  being  announced  for  Saturday 
next,  the  31ft  inflant# 

GredhSireetf  Sobo^ 

Jail.  34,  1795. 
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The  SOCIETY  for  PHILOSOPHI- 
CAL EXPERIMENTS  and  CON- 
VERSATIONS having  refolved  to 
print  the  minutes  of  their  meetings,  un- 
der the  infpe£lion  of  A committee  of 
PUBLICATION,  and  having  appointed  their 
Experimenter  as  Editor,  he  confiders  it 
as  a part  of  his  duty  to  exprefs  his  obli- 
gations to  the  Honourable  Members,  and 
particularly  to  thole  who  in  November  1 793 
encouraged  him  to  offer  the  following  pro- 
pofals. 
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Philosophical  Experiments 


AND 

CONVERSATIONS. 


Doctor  HIGGINS  is  encouraged  to 
affift  in  the  Inftitution  of  a Weekly  Meeting 
of  Gentlemen,  who  have  a tafte  for  Philolo- 
phical  Experiments  and  ConverfationS,  and  are 
defirous  that  the  various  talents  of  many  may 
thus  be  united  and  exerted,  in  the  contrivance 
and  performance  of  decilive  experiments,  in 
the  eftablifhment  of  true  indudions,  and 
in  ufeful  applications  of  the  lateft  difcoveries 
in  the  CHEMICAL  ^department  of  NA- 
TURAL PHILOSOPHY. 

The  firfl  meeting  will  be  held  on  Saturday 
the  25th  of  yan.  1794,  at  eight  o’clock  in 
the  evening,  at  Dr.  Higgins’s  Houfe,  and 
the  fubfequeiit  Weekly  Meetings  during  the 
SefTion  of  Parliament,  will  be  held  on  the 
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Days  and  under  the  Regulations  which  fhall 
be  voted  at  the  firft  Meeting, 

Dr,  Higgins’s  extenhve  Apparatus  will  be 
fubfervient  to  the  purpofes  of  thefe  Meetings, 
and  will  be  augmented  in  proportion  to  the 
number  of  Subfcribers  ; and  all  meritori- 
ous communications  will  be  refpedtfully  re- 
corded. 

The  admiffion  of  proper  Members  is  for  the 
prefent  committed  to  Dr.  Higgins,  who  is 
to  receive  five  guineas  of  each  Subfcriber 
for  the  year  ; but  after  the  firft  Meeting,  the 
admiflion  will  be  by  Ballot, 

Any  Subfcriber  who  fhall  be  unwilling  to 
adopt  the  Regulations  of  the  firft  Meeting, 
fhall  have  his  fubfeription  immediately  ’ re-» 
turned, 

'Greek  Street,  Soho, 

ISIovember  20,  1 794# 


In 
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Iq  confequence  of  thefe  propofals,  and 
fubfequent  letters  of  invitation,  the  number 
of  fubfcribing  members  amounted  to  fifty 
before  the  firft  meeting,  v^rhich  was  held  on 
the  25th  of  January,  I794>  which  time 
other  gentlemen  have  been  eleded.  The  fo- 
ciety  now  confifts  of  the  following  members. 

Stanhope,  Earl,  MansfeU street, 
Beverly,  Earl,  Portman  Square, 

Pelham,  Hon.  Mr.  Streiton  Street, 

Ingelby,  Sir  John,  St,  James's  Street, 
Barrington,  The  Hon.  Daines,  ’Temple, 
Conway,  Field  Marfhal,  Soho  Square. 

Duval,  Rev.  Doftor,  Newman  Street, 

Eden,  Sir  Fred.  Baronet,  Lincoln  s Inn  Fields. 
Robinfon,  John,  Newman  Street, 

Collins,  Thomas,  Berners  Street, 

Brocklefby,  Dodfor,  Norfolk  Street* 

Coxwell,  Henry,  Temple  Bar, 

Godfrey,  Amb.  Southampton  Street, 

Cook,  Charles  Gomond,  Southampton  Street, 
Burnett,  Robert,  Vauxhall, 

Lewis,  William,  Holborn. 

Jo  h nfon , Jofeph , Pimlico , 
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Payne,  Samuel,  FauxhalL 
Bifliop,  Charles,  Rujel  Place. 

Symmons,  John,  Paddington. 

Dev  ay  lies,  John,  Spring  Gardens, 

Benuet,  R.  H.  A.  Beckenham. 

Pitcairn,  Dodior,  Lincoln  s Inn  Fields. 

Impey,  Sir  Elijah,  Wimpole  Street, 

Latham,  Dodor,  EJfex  Street, 

Eliis,  John,  Portland  Place. 

Scott,  Sir  William,  Dodlors  Commons, 
Delamaine,  John,  Margaret  Street, 

Fuller,  John,  ISlew  Bond  Street. 

Vivian,  John,  Bedford  Square. 

Harrifon,  George,  SouthamptonPow,  Bloomjbury^ 
Blunt,  Thomas,  Cornhill. 

Collins,  John,  Berners  Street. 

Vaux,  George,  Coleman  Street, 

Campbell, , Oxford  Street. 

Brand,  Thomas,  Soho  Square. 

Waight,  John,  Clapham. 

Grubb,  John,  Lincoln  s Inn  Fields, 

Johnfon,  William,  Vatixhall. 

Scott,  Claud,  Gower  Street. 

Allardyce,  Alexander,  St.  fames  s Street, 
Wilkison,  Thomas,  Breton  Street. 

Partington,  Thomas,  Temple. 

TufFen,  John  Furnell,  Thames  Street, 


Blanc, 
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Blane,  William,  Adingion  Street. 
Woodmafon,  James,  Gerrard  Street. 

Fofler,  Andrew,  Gambeth. 

Coaft,  Francis,  Norfolk  Street. 

Hyett,  Benj.  Charles  Street,  Berkley  Square. 

Hogg, , ^een  Anne  Street  Eajl. 

Young,  Tho.  Little  ^eeii  s Street,  IVefmhijler, 
Bullock,  John,  George  Street,  Turk  Buildings, 
Powell,  Doctor  Richard,  Barletfs  Buildings. 
Wyndham,  The  Right  Hon.  Will.  Hill  Street. 
Gordon,  William,  St.  John  Street. 

Burnett,  J.  Faffett,  ChaddarnBlace,  BlackFrlars. 
Lawrence,  Doctor  Trench,  L) odors  Commons, 
Franks,  William,  Bedford  Square. 

Finlay,  John,  Corps  oj  Engineers^  Whitehall. 
Bullen,  Jolin,  Morgan's  Lane,  Southwark. 
Moyes,  Dr.  St.  Martin  s Lane,  Charing  Crofs, 
Goodhew,  Mr.  Deptjord. 

Bagii'^aw,  Rev.  Ivlr.  Cecil  Street,  Strand. 
Deibares,  Governor,  Eaton  Street. 

V'oght, , Ofoorn  s Hotel. 

Thomas,  William,  A If  op' s Buildings. 

Allen,  William,  Plough  Court,  Lombard  Street. 
Grant,  Major,  Hill  Street,  Berkley  Square. 
Hill,  Daniel,  Great  Bujjel  Street. 


By 
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By  fix  dlfi:in£l  and  unanimous  refolutions  of 
the  25th  of  January,  the  following  appoint- 
ments were  made,  and  fubjoined  to  the  lift 
of  members  by  order  of  the  Society. 

CHAIRMAN. 

FIELD  MARSHAL  CONWAV. 
DEPUTY  CHAIRMEN. 

Sir  JOHN  INGELBYj 
Sir  FRED.  EDEN, 

Doctor  L A T H A M. 

SECRETARIES. 

JOHN  GRUBB. 

JOHN  TAYLOR. 

DIDACTIC  EXPERIMENTER. 

Doctor  B R Y.  HIGGINS. 

ASSISTANT  EXPERIMENTERS. 

Mr.  JOSEPH  JOHNSON. 

Mr.  THOMAS  YOUNG. 

Rev.  Mr.  C R E V E L. 

MACHINIST. 

Mr.  T.  BLUNT. 

On 
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On  the  fame  evening,  when  the  united 
and  repeated  wlfhes  of  the  fociety  had  pre- 
vailed on  Marfhal  Conway  to  take  the  chair, 
it  was  refolved  unanlmoufly, 

7.  That  all  future  members  be  propofed 
and  feconded,  and  ballotted  for  at  the  enfu- 
ing  meeting. 

8.  That  three  negative  balls  fhall  exclude. 

9.  That  a weekly  meeting  be  held  on  each 
Saturday,  during  theSeffion  of  Parliament,  at 
eight  o’clock  in  the  evening. 

10.  That  the  converfations  of  the  fociety 
be  confined  to  Phyficks,  and  the  improvement 
of  Arts. 

11.  That  the  order  of  Lavoisier  and 
Do£lor  Crawford,  fo  far  as  they  can  be  com- 
bined, be  purfued  during  the  firll:  hour  of 
each  meeting. 

12.  That  every  propofitlon  of  a member 
relative  to  Phyficks,  fhall  be  rcfpedfully  at- 
tended to  ; but  that  the  priority  of  invefiiga- 
tion  fhall  be  determined  by  a majority  of  the 
members  prefent. 

I I'hat  each  member  have  the  right  of 
introducing  a vifitor  at  any  meeting  of  this 


14.  That 
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14*  That  at  each  meeting,  the  fnbjecfls  to 
be  inveftlgated  by  the  Experimenter,  during 
the  firft  hour  of  the  next  meeting,  fhall  be 
announced  by  the  fecretary,  and  {hall,  during 
this  interval,  appear  in  writing  on  a confpi- 
cuous  tablet  in  the  laboratory,  for  the  infor- 
mation of  the  members. 

A confiderable  time  having  been  expended 
in  drawing  up  thefe  refolutions,  the  propofi- 
tlon  for  the  next  meeting  was  announced  by 
the  Experimenter,  and  the  members  were 
informed  that  the  beO:  books  on  fubjedfs  un- 
der examination,  fhould  always  be  ready  for 
their  perufal  in  the  drawing-room.  They 
were  invited  to  view  the  experiments  In  theif 
progrefs  at  any  time  ; and  as  an  attempt 
ihoLild  be  made  In  the  minutes,  to  exprefs 
important  points  of  difcourfe  in  the  very 
words  of  the  fpeakers,  and  thefe  parts  were 
to  be  marked  at  the  margin  with  inverted 
commas,  they  were  requeued  to  infpedf  and 
correct  them. 


MI- 


M I N U T E S 

O F T H E 

SECOND  MEETING, 

O N 

Saturday,  February  i,  1794.  , 


“ Didadfic  Bifcourfe  and  Experiments,  intro- 
“ duSiory  to  the  Propojition  formerly  intended 
“ for  this  Evening,  viz. 

Caloric,  whofe  Parts  are  repulfive  of  each 
“ other,  combines  with  divers  Bodies.'* 

In  the  interval  between  the  firft  and  fe- 
cond  meetings,  fome  of  the  Members  in- 
formed ,the  Experimenter  of  their  objedions 
to  the  modern  Nomenclature,  and  their  de- 
fire that  it  fhould  be  adopted  no  farther  than 
might  be  requifite  to  exprefs  new  fubjefls  and 
doflrines.  Others  obferved  that  the  intend- 
ed propofition  concerning  Caloric,  would  ap- 
pear premature  to  fome,  and  altogether  unin- 

telligiblc 
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telllgible  to  thofe  who  had  not  very  lately 
purfued  the  ftudy  of  Chemiftry : it  was  the 
opinion  of  all,  that  in  order  to  anfwer  the 
purpofes  of  the  Society,  the  Experimenter 
fhould  purfue  the  didaftic  form,  and  intro- 
duce the  neceffary  parts  of  the  new  Nomen- 
clature and  the  modern  dodtrines,  by  eafy 
fleps. 

In  compliance  with  thefe  wi flies,  the  fol- 
lowing proceedings  took  place. 

Bodies  were  arranged  in  the  Chemical 
order:  their  mofl:  firiking  diftindions  were 
exemplified : certain  peculiar  properties  of  each 
of  the  elaflilc  fluids  were  then  fliewn,  in 
order  to  diflinguifli  each  from  the  others. 
In  the  mean  time,  it  was  repeatedly  inculca- 
ted, that  the  Ampler  bodies,  or  Chemical 
principles  differ,  not  only  in  divers  obvious 
properties  of  their  mafles,  but  alfo  in  thofe  of 
their  mlnutefl;  known  parts  ; as  mercury  differs 
from  lime,  or  acid  from  alkali ; and  that  we 
naturally  and  properly  exprefs  our  fenfe  of 
thefe  things  by  faying,  there  are  dlferent  kinds 

of  matter* 

Caloric  was  defined  and  charafferized,  as 

the  caufe  of  temperatures,  of  heat,  and  of 

the  vifible  ignition  of  bodies.  By  the  copi- 
ous 
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ous  and  rapid  emlffioii  of  fire,  during  the 
combuftlon  of  charcoal  with  nitre,  of 
phofphorus  and  iron  in  oxigen  gas,  and 
by  a concife  anticipation  of  fubje6ts  hereafter 
to  be  illuftrated ; it  appeared  that  Caloric 
fubfifted  in  great  quantity  In  the  coldeft  bo- 
dies, and  in  a ftate  very  different  from  that 
in  which  it  is  the  caufe  of  temperature  or  of 
heat.  As  acid  fubfifls  in  fea  fait,  in  a ftate 
widely  different  from  that  in  which  it  dlf- 
folves  marble,  or  taftes  four,  or  deflroys  the 
human  organs ; fo  it  was  fald  Caloric  exlfls 
as  a chemical  principle  of  divers  folid  and 
fluid  bodies. 

It  was  argued,  on  various  phyfical  grounds, 
that  we  have  as  fatisfadlory  evidence  of  the 
materiality  of  Caloric,  and  of  its  agency,  as 
a chemical  principle  different  from  all  others, 
as  we  have  of  other  natural  fubjedts ; and 
that  the  difeoveries  of  the  lafl:  twenty  years, 
which  have  lupplied  this  evidence,  forbid  any 
farther  affedlation  of  terms  and  definitions 

which  were  prudently  adopted,  whilfl:  expe- 

• 

riments  were  wanting  to  decide  whether 
fire  confifts  in  the  mere  motion  or  vibration 
of  the  parts  of  bodies  indiferiminately,  or  of 
matter  of  a peculiar  kind,  in  a flate  of  tran- 

fitioii 
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fition  or  motion,  and  caufing  motion  In 
bodies. 

The  extreme  fubtility  of  this  matter  was 
duly  noticed,  together  with  its  tendency  to 
expand  from  central  fonrces  or  hot  bodies, 
and  to  diffufe  Itfelf  In  the  manner  of  an 
elaftic  fluid;  and  from  a variety  of  pheno- 
mena it  was  inferred,  that  its  parts  repel  each 
other,  and  by  virtue  of  this  repulfion,  Calo- 
ric is  the  caufe  of  the  elafticity  of  aeriform 
fluids. 

The  agency  of  this  matter  towards  the 
expanfion  of  bodies,  was  exemplified  In  divers 
inflances  and  experiments.  ‘ The  extreme  iii- 
flances  fhewed  the  immenfe  and  indefinite 
expanfion  of  fome  bodies,  which  are  formed 
into  gafes,  in  temperatures  which  fcarcely  al- 
ter the  volume  of  other  bodies,  fuch  as  the 
earthy.  In  any  meafurable  degree.  From 
thefe,  and  the  inflances  of  bodies  expanded 
in  intermediate  degrees,  in  the  fame  tempe- 
ratures, it  was  inferred  that,  “ divers  notions 
“ heretofore  entertained  on  this  fubjedl  were 
“ erroneous;  and  that  the  true  nature  of  this 
“ Matter  cannot  be  fuccefsfully  invefligated 
“ by  thofe  who  are  inattentive  to  the  attrac- 

live  forces  called  affinities  of  the  parts  of 

“ bodies^ 
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“ bodies,  not  only  to  each  other,  ,but  to 
“ thofe  of  Caloric.” 

Attra(ffioii  w-as  now  exemplihed,  in  the' 
different  inftances  and  circiirnffances  which- 
have  given  rife  to  the  opinion  that  there  are 
different  kinds  of  attradlion. 

Chemical  attra(fll5ns  efpecially  were  illuf- 
trated  by  experiments  fhewing  their  effefls, 
and  the  gradations  of  their  forces,  and  ex- 
plaining the  grounds  of  the  tables  of  eleflive 
attractions. 

In  the  courfe  of  thefe  experiments,  the  im- 
portant phenomena  refulting  from  the  union 
of  diffimilar  particles,  were  particularly  and 
repeatedly  noticed;  and  the  correfl'ufe  and 
true  meaning  of  the  word  combination  was 
inculcated*  “ For  the  addition  and  cohe- 
“ fion  of  fimilar  parts  do  not  alter  the  Che- 
“ mical  properties  of  bodies.  Acid  blend- 
“ ed  or  aggregated  with  acid,  or  alkali  with 
“ alkali,  only  form  larger  maffes  of  acid  or  of 
“ alkali ; whilff  the  combination  of  acid  with 
“ alkali  produces  a new  compound,  widely 

different  in  its  properties  from  thofe  of  ei- 
“ ther  of  the  conflituent  bodies.  The  like 
“ may  be  exemplified  in  thoufands  of  inflances. 

This  phenomenon,  the  caufe  of  which 


( >8  ) 

“ is  not  now  to  be  conlidered,  is  implied 
“ and  expreffed  by  the  word  combination  ; 

“ and  the  precifion  and  chaftlty  of  Phyfical 
language  require  that  we  fhould  ufe  the 
“ fame  term  to  exprefsthe  fame  thing,  whe- 
“ ther  it  happen  to  acid  or  alkali  or  Ca- 
“ loric. 

As  there  are  gradations  of  attractive 
“ forces,  fo  there  are  of  combinations  ; from 
the  moft  ftriking  with  acid  and  alkali, 
“ or  with  the  materials  of  glafs,  down 
“ to  that  of  water  in  ivory  or  alum.  And 
“ as  the  term  is  applicable  in  all  thefc  cafes, 
fo  it  is  in  all  analogous  conditions  of  Qa- 
“ loric,  however  detained  by  attractive  forces 
preventing  its  agency  on  other  bodies. 
Inftances  of  thefe  gradations  were  given, 
and  will  occur  in  the  fequel. 

The  next  experiments  were  made  to 
illuftrate  the  phenomena  of  Jaiuratlon^  and  to 
lliew  that  attractive  and  repuhive  powers 
are  generally  as  the  quantities  of  matter  to 
which  they  belong. 

Muriatic  acid  gas  and  ammoniacal  gas,  be- 
ing prefented  to  each  other  in  due  proporti- 
ons,  combined  and  formed  a mild  neutral 

fait,  in  which  the  caufticity  and  other  cha- 

raCters 
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i'a'flers  of  the  gaflTes,  were  retrained  alid  con- 
cealed ; a part  of  the  Caloric  which  gave  them 
the  gafleous  form,  being  at  the  fame  time  ex- 
cluded and  menfurable  by  the  thermometer. 
Additional  quantities  of  either  gas  being  then 
added,  did  not  combine  or  undergo  any  alte- 
ration. 

When  the  gaffes  were  prefented  to  each 
other  in  any  other  proportions  than  this  frit 
taken,  they  combined  in  determinate  quan- 
tities ; but  the  exceffive  part  of  either  remain- 
ed unaltered. 

“ When  a body  has  thus  received  the  ut- 
“ moft  quantity  of  other  matter  which  it 
“ can  retain  in  a ftate  of  combinatioUj  it  is 
“ faid  to  be  faturated.''' 

“ In  the  reciprocal  faturations  of  gafles,  we 
“ can  eafily  perceive  that  Caloric  is  the  caufc 
“ which  prevents  indefinite  union,  and  limits 
“ the  quantities  combinable.  And  when  we 
“ duly  attend  to  the  affinities  of  this  matter, 
“ we  difcover  the  like  agency  of  it  in  all 
“ inftances  of  faturation.” 

This  was  exemplified  in  the  mixture  of 
ammoniacal  gas  and  Carbonic  acid  gas,  of 
nitrous  gas  and  oxygen  gas  ; in  abforptlons 
qF  gaffes  by  water  ; in  combinations  of  acids 
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\vith-k;ili,  natron,  earths  and  metals;  in 
all  which,  confiderable  quantities  of  Caloric 
were  liberated  from  the  portions  combined, 
but  not  from  the  fuperfluous  portions. 

“ Thus  it  appears  that  the  fum  of  the  at- 
“ tradlive  forces  is  as  the  quantity  of  attractive 
“ matter,  and  the  fum  of  the  repulfive  forces 
“ as  the  quantity  of  repellent  matter;  and 
“ that  each  particle  attracts,  or  by  its  Caloric 
‘‘  repels,  with  a limited  force. 

“ When  the  nature  and  agency  of  Caloric 
“ were  lefs  known  than  they  are  at  prefent, 
“ it  was  imagined  that  the  chemical  attrac- 
“ tions  ceafed  atfmall  diftances  of  the  parts  of 
bodies,  and  that  repulfion there  took  place; 
“ whilft  the  attraction  of  gravity  extended  to 
“ the  utmofi;  limits  of  the  univerfe.  But  ia 
“ confequence  of  the  later  and  more  fuccefs- 
“ ful  inveftigations  of  theie  fubjeCts  we  learn, 
that  attraClive  powers  fubfift  whether  they 
“ be  counteracted  or  not,  and  that  they  ceafe 
“ not  at  any  time  or  diftance,  although  they 
decreafe  in  a high  ratio  whilft  the  diftances 
“ increafe. 

“ In  ordinary  chemical  combinations,  Ca- 
“ loric  limits  the  quantities  in  which  the 
grofler  particles  of  bodies  can  combine  and 
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*•  cohere,  and  prevents  the  portions  fuper- 
“ added  from  obeying  any  attratlivevforce 
“ except  that  of  gravity.  If  the  word  at- 
“ traction  be  ufed  to  exprefs 'an  effedV,  thefe 
“ latter  are  not  Chemically  attrafled,  al- 
“ though  they  be  endued  with  this  power  of 
**  attra£l:lon  and  retain  it  unimpaired. 

“ But  in  regard  to  the  attraflions  and  com- 
“ binations  of  Caloric,  it  is  to  be  remem- 
“ bered,  that  there  is  no  other  repellent  fub- 
“ tile  matter  to  regulate  or  controiil  them  ; 
“ and  there  is  nothing  to  limit  or  modify  its 
“ union  with  bodies,  except  the  repuliion  of 
“ its  parts,  and  the  aggregating  forces, 
“ which  in  uniting  tiie  grofi'er  parts  of  bo- 
“ dies,  tend  to  exclude  the  interceding  Ca- 
“ loric,  as  will  be  fliewn  hereafter. 

“ The  general  laws  of  attraflion  and  com- 
“ bination,  and  all  the  known  phenomena  of 
‘‘  Caloric,  lead  us  to  this  inference ; that  at- 
“ tra<5live  particles  engage  around  them  into 
“ a ftate  of  combination,  as  much  Caloric  as 
“ the  mutual  repulfions  of  its  parts  will  per- 
“ mit  to  be  thus  approximated  towards  each 
“ other;  and  alio  engage  further  portions 
around  the  former,  but  with  forces  and 
B 3 “ den- 
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denfities  decreafuig,  as  the  dlftances  frorn 
“ the  central  particles  increafe. 

“ Although  the  pheQomena  {hew  that  Ca-» 
“ loric  of  temperature,  which  in  the  latw 
“ tude  of  fpeecb  may  be  called  free  Caloric, 
“ is  rather  relatively  than  ablolutely  free;  it 
“ is  not  afferted,  that  the  Caloric  of  tempe- 
rature  is  combined.  But  that  part  of  the 
“ Caloric  of  a body  is  faid  to  be  combined, 
which  is  fitted  in  it  in  certain  quantity 
“ at  the  lowefl;  known  temperatures,  and  is 
“ retrained  from  adting  as  Caloric  on  other 
“ bodies.  And  of  this  part  we  affirm  that 
“ it  is  truly  combined,  and  is  as  much  a 
“ Chemical  principle  in  bodies  which  may 
“ be  made  to  emit  it  copiouOy  and  rapidly 
“ in  combuftlons  and  other  procefles,  as  the 
“ earth,  Carbo,  Oxygen,  or  any  other  matter 
“ of  them. 

“ Of  all  that  has  hitherto  been  advanced, 
“ the  main  purpole  is  to  render  the  hudy  cafy 
“ by  analogies,  to  make  the  terms  familiar, 
“ and  to  give  a fuperhclal  view  of  the  fubt 
jedls  to  which  they  relate.” 
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Caloric^  whofe  Parts  are  repellent  of  each 
“ other,  combines  with  divers -Bodies.^* 

rr  O give  many  inllances,  in  a fhort  tlme^ 
of  the  tranhtion  of  Caloric  from  the  ftate  of 
Fire,  to  that  of  its  combination  with  bodies, 
the  following  Experiments  were  fele^Sed  for 
this  Evening. 

EXPERIMENT  I. 

A glafs  tube  bent  in  the  manner  of  the  let- 
ter  S,  was  accurately  ground  to  fit  the  neck 
of  a glafs  bottle,  whofe  bottom  was  round  and 
thin.  The  bottle  might  hold  five  ounces  of 
water;  but  the  diameter  ofthe  bore  of  the  tube 
was  not  more^than  i-i6th  of  an  inch'. 
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Vitriolic  ackl,  now  called  the  Sulphuric, 
was  diluted  with  a quarter  of  its  weight  of 
water ; and  when  it  was  cold,  about  two 
ounces  of  it  were  poured  into  the  bottle  ; and 
in  the  courfe  of  ten  or  twelve  hours,  fmall 
portions  of  two  ounces  of  fea  fait  were  added 
at  diftant  intervals,  until  the  fait  flood  even 
with  the  furface  of  the  acid.  Afterwards 
the  remainder  of  the  fea  fait  was  added  at 
once. 

The  fait  was  thus  introduced,  in  order  that 
the  Caloric  liberated  at  any  period,  might  not 
be  fufhclent  to  raife  the  temperature  of  the 
mixture  confiderably. 

All  this  while,  the  charge  was  furrounded 
' with  water  cooled  by  ice  ; and  the  wafte  of 
gas  was  prevented  by  flopping  the  bottle  with 
the  tube,  and  by  prefling  the  mouth  of  the 
tube  into  mercury  contained  in  a mahogany 
trough  like  that  deferibed  by  Lavoisier. 

The  charge  being  thus  prepared,  and  cold 
and  quiefeent  previous  to  the  meeting;  the 
bent  tube  was  now  advanced  under  a pint  jar 
filled  with  mercury  and  inverted  on  the  fhelf 
of  the  trough.  The  flame  of  a fmall  fpirit 
lamp  being  then  approached  to  the  bottom  of 
the  bottle,  the  gas  inflantly  formed,  and  if- 
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fulng  through  the  mercury,  foon  filled  the 
inverted  jar.  It  was  afterwards  dlre6l:ed  into 
others  fuccellively  applied. 

During  this  rapid  efflux  of  gas,  the  tem- 
perature of  the  charge  was  but^  little  aug- 
mented, and  was  greatly  inferior  to  that  which 
a non-evaporable  fubfta nee  would  acquire  in 
thefe  circumffcances.  The  gas  itfelf  had  no 
more  than  the  temperature  of  the  ambient  air  ; 
and  the  very  {lender  tube,  through  which 
four  or  five  pints  of  gas  had  pafled  in  a con- 
tinued fiream,  received  no  fenfible  augmen- 
tation of  temperature  during  the  experiment. 

EXPERIMENT  II. 

. Two  ounces  of  lime  well  burnt,  and  one- 
of  dry  muriat  of  ammoniac,  were  feparately 
powdered  and  quickly  mixed  ; an  ounce  of 
flrong  liquid  ammoniac,  called  aqua  ammo- 
nicE  puras,  was  put  into  an  eight  ounce  round 
bottomed  bottle  placed  in  iced  water.  A part 
of  the  mixed  powder  was  gradually  added,  to 
prevent  as  much  as  pofiible  the  augnienta- 
tionofthe  temperature;  and  when  the  whole 
was  thickened  confiderably,  the  remainder 
of  the  powder  was  added.  All  this  was  done 

with 
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with  the  precaution  above  defer! bed  to  pre- 
vent the  lofs  of  gas.  When  the  charge  was 
cold  and  quiefeent,  the  flame  of  the  fpirlt 
lamp  was  applied  as  formerly  ; and  the  gas, 
which  immediately  iffued,  was  diredled  into 
jars  which  had  been  carefully  dried.  Th® 
temperatures  of  this  charge  and  of  the  flen- 
der  tube,  and  of  the  ifluing  gas,  were  like 
thofe  of  the  preceding  experiment. 

EXPERIMENT  III.  and  IV. 

In  the  fame  manner  and  with  the  like  event, 
nitrous  gas  was  procured  from  water  charged 
to  greennefs  with  nitrous  oxyd  and  acid  : 
and  fluoric  acid  gas  was  procured  from  a 
charge,  confifting  of  three  parts  of  fulphu- 
ric  acid,  and  one  of  powdered  fluor. 

As  thefe  experiments  were  made  under  the 
fame  atmofpheric  prefllire,  it  was  deemed 
unneceflary  to  confider  it  on  the  prefent  oc- 
cafion,  otherwife  than  as  refifting  in  fome 
degree  the  extrication  and  expanfion  of  the 
gaffes. 

‘ In  the  proximity  or  conta£l:  of  the  parts 
of  thefe  charges  in  low  temperatures,  the 
attra<5live  forces -are  fufficient  to  retain  them 
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in  their  firft  condition  : but  as  all  attradivc 
forces  decreafe  when  the  diftances  of  the  par- 
ticles increafe,  the  heated  and  dilated  charg- 
es obey  the  prevalent  power  of  Caloric,  name^ 
ly,  its  attradion  to  the  bafes  of  the  gafies. 
Each  molecule  now  compelling  its  charge  of 
Caloric,  and  each  charge  repelling  the  others, 
an  elaftic  fluid  is  formed  which  reflfts  com- 
preflion,  and  tends  to  expand  at  the  lowefl: 
temperature. 

During  the  combuftion  of  alkohol  with  air, 
a great  part  of  the  Caloric  which  they  held  iu 
a flate  of  combination,  efcapes  from  them, 
and  acls  as  free  Caloric  or  fire.  When  this 
pervades  the  veflels  and  the  charges,  a por- 
tion of  it  is  expended  in  augmenting  the 
temperature  ; but  another  portion  combines 
with  the  bafes  of  the  gafles,  and  forms  com- 
pounds whofe  properties  differ,  by  the  law  of 
combination,  from  thofe  of  the  component 
parts.  For  the  attra£iive  parts  of  thefe  baf- 
es now  recede  from  each  other,  and  the  Ca- 
loric is  reftraiued  from  afling  on  other  bodies, 
and  is  as  truly  combined  as  cauflic  Soda  is 
in  mild  fea  fait ; for  fuch  are  the  figns  and 
proofs  of  every  combination. 
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EXPERIMENTS  V.  and  VI. 

Thofe  who  have  bent  their  thoughts  chiefly 
on  the  eledtric  fluid,  are  apt  to  entertain  a 
doubt  whether  that  matter  may  not  a£l  in 
thefe  experiments.  They  were  therefore  re- 
peated with  veflels  of  porcelain  glazed  inter- 
nally and  externally,  and  bedded  in  glafs  fur-- 
rounded  with  fand  in  other  non*condu^ting  vef- 
fels.  The  gaffes  were  formed  in  the  manner 
already  defcribed,  before  the  temperature  of 
the  flrata  was  raifed  fo  far  as  to  alter  their 
non-condu£l;ing  chara£ler. 

In  thefe  latter  circumflances  the  charges 
were  not  expofed  to  the  light  of  the  lamp. 
And  as  hot  water  or  any  heated  body  anfwer- 
cd  as  well  as  the  flame  of  a lamp,  the  gaffeous 
Rate  was  produced  and  maintained  by  Caloric 
only. 

Ill  the  defcription  of  the  various  gaffes,  and 
of  the  circumflances  in  which  they  may  be 
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produced,  it  appeared  that  Caloric  is  held  by 
many  different  kinds  of  matter  in  a ftate  of 
combination  - and  diflinguifliable  from  that  of 
their  temperature. 

“ Whether  w^e  trace  Caloric  from  ignited 

“ bodies 
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“ bodies  into  the  compofitlon  of  gaffes ; or 
“ from  its  combinations  in  fuch  bodies  as 
“ gunpowder  or  lime,  to  the  flate  of  Caloric 
“ of  temperature,  or  of  Fire;  and  however 
“ we  attempt  to  inveftigate  this  fubjedl  ; 
“ the  matter  of  Light  prefents  itfelf  to 
“ us  at  every  hep,  creating  doubts  and, 
“ difficulties. 

‘ i : ■ 

“ It  is  therefore  expedient  for  a.  while  tct 
avoid  as  much  as  poffible  every  confdera- 
“ tion  of  the  Light  emitted  during  the  com- 
“ buftion  of  gafles  or  bodies  ; but  at  the  fame 
“ time  to  admit  the  terms  adopted  by  the 
“ Experimenter,  under  an  opinion  enter- 
“ tained  for  many  years,  and  publifhed  in 
“ 1786.  This  opinion  will  be  tried  by  va* 
“ rious  pre-conceived  experiments  in  the 
“ courfeof  thefe  meetings,  and  by  fuch  other 
“ means  as  fhall  be  fuggefted ; and  is  as  fol- 
“ lows. 

“ It  does  not  in  any  inhance  appear  that 
“ the  matter  of  Light  differs  from  that  of 
“ Caloric  or  Fire.  The  legitimate  Inference 
“ from  all  the  known  phenomena  is,  that 
“ Caloric  caufes  heat  by  its  quantity,  and 
illumination  by  fuch  parts  as  have  ac-. 
“ quirqd  a rapid  projedlile  motion/* 
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*rhe  following  experiments  exhibited  fur- 
ther evidence  of  the  combinations  of  Caloric* 

EXPERIMENT  VII. 

A gallon  of  ammoniacal  gas,  and  the  quan- 
tity of  marine  acid  gas  neceflary  for  recipro- 
cal faturation,  were  made  to  mix  quickly  in 
an  intermediate  fmall  and  thin  glafs  veffel, 
exhaufted  of  ain  A white  thick  fume  was 
inftantly  formed  from  the  gaffes,  and  foon 
converted  into  a fait  adhering  to  the  Tides  of 
the  vefleh  The  Caloric  excluded  during  the 
approximation  and  union  of  thefe  bafes  of  the 
gaffes,  refumed  its  former  charafters  of  free 
Caloric,  and  heated  the  veffel  very  fenfibly 
to  the  touch.  It  was  obferved,  that,  when 
a few  grains  of  the  gaffes  can  thus  heat  a vef- 
fel of  this  weight  during  the  union  of  their 
bafes,  it  can  be  proved  by  experiment’s  here- 
after to  be  exhibited,  that  the  liberated  Ca- 
loric was  in  quantity  fufficlent  to  maintain  a 
vaporous  ftate  of  the  fait  thus  formed,  or  to 
make  it  almoff:  red  hot,  if  the  expanfion  of 
it  were  prevented. 
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EXPERIMENTS  VIII.  IX.  X. 

Mixtures  of  Ammonlacal  .with  Carbonic 
acid  gas,  of  fulphureous  with  Ammonlacal 
gas,  of  Nitrous' with  oxygenous  gas,  made 
in  the.  fa  me  way,  afforded  the  like  phenome- 
na, and  the  like  inferences  in  regard  to  Ca- 
loric. 

It  was  obferved  that  alhexperlments  with 
gafles  which  exhibit  thefe  phenomena  in- 
dependently of  atmofpheric  preflbre,  prove 
that  the  parts  which  attraft  each  other  to' 
combination,  attra£l  at  all  known  diftances 
of  them  ; for  otherwife  their  charges  of  Ca- 
loric would  prevent  their  approximation  and 
union.  “ By  general  analogy,  and  by  the 
“ evidence  of  divers  phenomena  which  will 
“ hereafter  be  noticed,  we  are  led  to  con- 
“ elude  that  particles  which  are  combin- 
“ able  with  Caloric,  attradl  dlflant  as  well 
“ as  contiguous  portions  of  it ; but  the  latter 
“ with  the  greater  forces.” 
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■ EXPERIMENT  Xi. 

A cylindrical  glafs  veffel  open  at  bottortl 
and  having  a neck  like  that  of  a phial,  was 
fitted  to  a glafs  tube.  The  tube  was  bent  to 
a riglit  angle  at  the  height  of  four  inches 
frorrl  the  neck,  and  in  this  part  w’as  provided 
with  a flop  cock.  At  the  difiance  of  fix  inches 
from  the  firft  flexure,  it  was  bent  a^aiii,  fo 
that  the  ends  were  parallel  with  each  other. 
One  end  of  this  tube  was  fixed  in  the  neck 
of  the  veflel,  the  other  end  entered  a fmall 
bottle  and  went  nearly  to  the  bottom  of  it, 
where  mercury  was  placed  in  fufficient  quan- 
tity to  flop  the  mouth  of  the  tube.  Over 
the  mercury  an  ounce  of  water  was  intro- 
duced. When  the  cylindrical  veflel  was  filled 
with  four-or  five  quarts  of  the  muriatic  acid 
gas  formerly  defcribed,  at  the  temperature  of 
fixty,  it  was  Hidden  from  the  Ihelf  to  the 
deepefi  part  of  the  mercurial  trough.  The 
cock  being  now  opened,  and  the  cylinder 
firongly  prefled  into  the  mercury,  the  gas 
was  forced  quickly  into  the  water,  which 
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abrorbing  it  greedily,  was  heated  together 
with  the  bottle  and  the  mercury,  by  the  dil^ 
engaged  Caloric.  “ When  this  experiment  is 
“ made  on  a larger  fcale,  the  heat  exceeds 
“ l6o  degrees.” 

In  this  cafe  the  fmall  weight  of  the  gas 
in  comparlfon  with  that  of  the  bottle  mercury 
and  water,  is  to  be  confidered  in  the  efll- 
matlon  of  the  quantity  of  Caloric  liberated 
during  the  abforption, 

EXPERIMENT  XIL 

The  like  meafure  or  a larger  of  ammonla- 
cal  gas,  being  prefented  to  water  under  fimilar 
clrcumhances,  exhibited  the  like  phenomena 
of  abforption  and  heat. 

EXPERIMENTS  XIII.  XIV.  ' 

To  make  thefe  experiments  impreffive 
without  the  aid  of  computation ; a retort, 
whofe  neck  was  (lender  and  elongated  to 
three  feet,  and  which  had  been  previoufly 
charged  with  four  pounds  of  the  quiefcent 
mixture  of  acid  and  fait  defcribed  at  page  23 
was  quickly  bedded  in  hot  fand  to  the  height 
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of  the  charge  *,  the  extremity  of  the  neck 
being  at  the  fame  time  immerfed  deeply  in 
four  ounces  of  water  in  a bottle  cafed  with 
woollen  cloth.  The  portion  of  the  retort 
was  fuch  that  the  heat  of  the  fand  did  not 
reach  to  the  neck.  As  foon  as  the  body  of 
the  retort  touched  the  hot  fand,  the  gas  be- 
gan to  ilTue : Afterward's  it  iffued  rapidly, 
and  in  a few  feconds  made  the  water,  now 
charged  with  acid,  fcalding  hot.  Frefh 
charges  of  cold  water  were  repeatedly  appli-  > 
ed  in  the  fame  wav,  and  heated  to  the  de- 
fcribed  degree ; after  which  the  efcape  of  gas 
and  vapour  prevented  any  farther  augmenta- 
tion of  the  temperature  of  the  liquor. 

The  quiefcent  charge  of  lime  ammoniacal 
fait  and  water  deferibed  at  page  25,  being 
^ifed  in  this  great  quantity  and  treated  in  the 
fame  way,  afforded  the  like  appearances.. 

In  both  experiments  the  lengthened  necks  oF 
the  retorts,  except  thofe  parts  which  were  with- 
in three  or  four  inches  of  the  hot  fand  and  the 
heated  water,  were  as  cold  as  the  ambient  air. 

In  both  experiments  alfo,  a piece  of  glafs 
was  placed  near  each  retort  at  the  depth  of 
the  center  of  Its  charge,  and  thefe  pieces  yield- 
ing no  bafe  of  a gas  to  engage  the  Caloric, 
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foorl  acquired  the  teaiperaturc  of  the  hot  fand, 
whilft  the  gafles  ifi’ued  as  coJd  as  the  ambi- 
ent air,  and  the  Tides  of  the  vefiels,  where 
they  tranfmitted  Caloric  from  the  fand,  had 
an  intermediate  temperature. 

“ Thefe  are  only  a few  of  the  many  in- 
“ ftances  in  which  the  Caloric  traced  from 
“ hot  bodies  into  the  compofition  of  gaffes, 
“ may  be  exhibited  again  in  the  ffate  of  Ca- 
“ loric  of  temperature  or  free  Caloric,  by 
•“  the  means  of  water  and  other  bodies  which 
“ attrad  and  condenfe  the  bafes  of  the  gaffes : 
“ but  it  is  to  be  obferved  that  in  fuch  in- 
“ fiances  the  whole  of  the. combined  Caloric 
“ is  not  liberated.  . 

“ As  to  the  gaffes  which  thus  a£l  on  each 
“ other  fpontaneouffy,  or  enter  water  to  the 
“ exclufion  of  the^  deferibed  quantity  of  Ca- 
“ loric  ; it  is  to  be  remarked,  that  their  cen- 
“ tral  parts  are  not  ultimate  particles,  but 
“ that  they  confift  of  two  or  more  particles 
“ of  different  kinds  combined  and  encom- 
“ paffed  with  Caloric. 

“ The  Carbonic  acid  gas,  for  inftance,  con7 
“ fifis  of  combined  particles  of  carbo  and  oxy- 
“ gen,.or  of  Molecules  engaging  their  charges 
‘‘  of  Caloric,  Theammoniacal  gas  confiffs  of 
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**  central  particles  of  Hydrogen  and  Azot 
‘ combined  and  charged  with  Caloric.  The 
‘ molecules  of  thefe  gaffes  are  confequently 
‘ attra£led  by  compounded  and  co-operating 
‘ attractive  forces,  by  the  prevalence  of  which 
‘ they  are,  when  prefented  to  each  other, 
‘ combined  to  the  exclufion  of  Caloric. 

“ But  there  are  gaffes,  whofe  bafes  havd 
‘ not  hitherto  been  decompofed,  or  found  to 
‘ confift  of  more  than  one  kind  of  matter. 
‘ Such  bafes  are  Azot,  Hydrogen  and  Oxy- 
‘ gen  ; each  particle  of  which  engages  Ca- 
‘ loric  on  all  fides.  Thefe  gaffes  pr&- 
‘ fented  to  each  other  in  any  proportions, 
‘ will  not  combine  to  the  exclufion  of  any 
‘ part  of  their  Caloric,  until  fomething  is 
‘ done  to  blend  the  charges  of  it, 

“ Thus  we  perceive  that  the  attractive 
‘ forces  of  their  fmaller  or  uncompounded 
‘ central  parts,  are  infufficient  to  over- 
‘ power  the  agency  of  their  charges  of  Ca- 
‘ loric,  and  that  this  is  perfectly  confiffent 
‘ with  the  genal  law  for  the  limitation  of 
* fvich  attractive  powers. 

“ It  is  not  neceffary  at  prefent  to  enquire 
‘ how  a fpark  applied  to  any  quantity  of 
‘ hydrogen  gas  mixed  with  about  half  its 

bulk 
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bulk  of  oxygen  gas,  is  inftrumeiital  In  tbe 
“ inftantaneous  combuftion  of  them  ; and 
“ we  need  only  attend  to  the  phenomena  of 
“ the  combuflion,  which  afford  a fplendid 

proof  of  the  propofition  before  us.” 

EXPERIMENT  XV. 

A glafs  tube,  whole  cavity  was  cylindrical, 
36  inches  in  length  by  if  in  diameter,  and 
whofe  fides  and  clofed  end  were  more  than  a 
-quarter  of  an  inch  in  thicknefs;  was  pi  .reed 
with  two  fmall  holes  oppofite  to  each  other, 
and  near  the  fealed  end  of  the  tube.  Two 
fmall  blunted  needles  of  brafs  were  accurate- 
ly ground  to  flop  thefe  holes  completely, 
when  their  ends  were  diflant  by  i-i6th  of  an 
inch,  near  the  axis  of  the  cylinder. 

This  tube  being  heated  and  filed  with 
hot  quickfilver  in  the  manner  of  a baro- 
meter, in  order  to  exclude  the  air  entirely, 
was  fufpended  perpendicularly,  fo  that  its 
mouth  funk  f ve  inches  in  the  mercury  of 
a long  and  deep  trough.  The  inflrument  by 
which  it  was  thus  fuftained,  admitted  a re- 
coil of  half  an  inch  or  more,  in  order  to  di- 
vide the  intended  fhock. 
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One  ounce  meafure  of  hydrogen  gas  mix-' 
ed  with  half  this  bulk  of  oxygen  gas  was 
gradually  introduced  through  the  column  of 
mercury,  which  confequently  fubfided.  The 
inaccuracies  of  meafures,  and  other  circum- 
ifances  required  that  fuch-  a mixture  fhould 
be  tried  and  fupplied  with  as  much  of  either 
gas  as  was  found  necelTary  for  the  intended 
laturation.  An  ele(f):ncal  circuit  beiiiP'  now 

o 

prepared  by  wires  hooked  in  the  needles,  a 
fpark  was  taken  between  their  points  in  the 
mixed  gaffes.  In  the  fame  inftant  a bright 
and  tranftory  flafh  filled  the  whole  capacity 
of  the  tube  above  the  mercury,  and  in  a 
moment  the  mercury  returned  nearly  to  its 
former  hei2:ht,  or  to  the  height  at  which  at- 
molpheric  prelfure  could  lulfain  it  in  the  pre- 
fence of  water,  which  now  bedewed  the 
inner  furfacc  of  the  tube,  and  in  this  circum- 
fiance  yielded  aqueous  vapour. 

The  change  in  the  gafles,  the  union  of  their 
bafes,  and  the  manifeil  efcape  of  the  Calo- 
ric which  formerly  maintained  their  gafleous 
flate,  ferved  to  confirm  the  foregoing  infe- 
rences concerning  Caloric  and  the  combina- 
tions of  it. 

But  this  and  all  rapid  combufilons  fug- 

“ geO: 


( 39  ) 

<<  other  notions  of  equal  importance : 
“ for  they  indicate  that  Light,  like  Caloric, 
‘‘  confifls  of  repellent  parts  which  are  com- 
“ binable  with  bodies  ; and  that  the  differ- 
“ ence  between  them  may  confifl;  rather  in  the 
motion  than  the  matter. 

“ They  moreover  intimate  the  circum- 
“ fiances  in  which  the  Caloric  of  a folid  body 
“ or  of  a gas  may,  when  extricated,  a£l;  as 
“ Caloric  of  temperature,  or  as  fire  and 
“ Light,  according  to  the  velocity  with 
“ which  it  is  excluded  and  propelled,  and 
“ the  media  which  are  oppofed  to  it.” 

After  the  Experimenter  had  concluded,  a 
converfatioii  took  place,  in  which  Mr. 
Young  “ obje£led  to  the  ufe  of  the  term 
“ combination  to  exprefs  the  mode  in  which 
“ Caloric  is  prefent  in  galTes  and  other  fub- 
“ fiances  ; thinking  it  inconfiflent  with  th^t 
“ fyflem  of  the  capacity  of  bodies  for  heat 
“ which  has  been  very  ingenloufly  fupported 
“ by  Dr.  Crawford,  Heobfervedthat  a hot^- 
“ ter  body  will  at  all  times  communicate  to  a 
“ colder  one,  a quantity  of  Caloric  proporti- 
“ onal  to  the  whole  Caloric  contained  by  the 
“ hotter,  and  to  the  capacity  of  the  colder  for 
receiving  it.  He  mentioned  an  experiment 
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“ of  Dr.  Crawford  which  fliews  that  wa- 
“ ter  will  communicate  to  mercury  or  oil 
“ of  turpentine  ten  degrees  colder  than  itfelf, 
“ a greater  quantity  of  Caloric  than  an  equal 
“ bulk  of  ice  will  give  over,  under  fimilar 
**  circurnftances  ; from  w'hich  it  would  feem 
“ that  the  Caloric  abforbed  by  water  in 
thawing  and  fo  readily  feparable  from  it, 
“ is  not,  properly  fpeaking,  combined.  Mr. 
‘‘  Young  alleged  that  prefTure  will  force 
“ out  a portion  of  Caloric,  and  that  dila- 
“ tation  will  enable  a gas  to  abforb  an  ad- 
“ ditional  quantity.  That  fince  it  was  al- 
“ lowed  that  a certain  quantity  of  heat  fub- 
“ lifts  in  a body  in  an  uncombined  ftate,  it 
“ was  fimpler  and  therefore  more  philofo- 
phical  to  fuppofe  the  whole  Caloric  pre- 
fent  to  be  in  the  fame  circumftances : and 
when  a body  changes  its  ftate  from  foli- 
dity  to  fluidity,  that  it  might  be  compared 
“ to  a veffel  enlarged  in  capacity,  but  ftill 
“ remaining  open:— In  ftiort  that  Caloric 
**  was  retained  in  bodies  more  like  water  in 
“ a fponge  than  w^ater  in  a chryftal : and 
that  if  this  idea  was  confiftent  with  the 
word  combination,  he  would  not  much 
objedl  to  the  term,  efpecially  after  the  ex- 
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planatlon  which  the  Experimenter  had 
“ delivered  ; provided  that  the  peculiarities 
“ of  this  union  and  its  differences  from 
**  common  chemical  combinations  were  kept 
111  View. 

Lord  Stanhope  argued  w'ith  great  force 
in  fupport  of  the  combinations  of  Caloric ; 
he  adverted  to  the  grounds  on  which  a con- 
trary opinion  had  been  maintained  ; and  ill 
regard  to  Mr.  Young’s  reafoning,  he  obferv- 
ed  “ that  it  was  admilfible  only  in  refpeiS:  to 
“ condenfible  vapours  and  Caloric  of  tempera- 
ture  generally;  but  not  at  all  in  refpedt  to 
“ the  gaffes.” 

Dr.  Latham  made  feveral  ingenious  ob- 
fervations  in  reply  to  Lord  Stanhope;  but 
they  were  not  Inferred  in  the  minutes. 

“ Mr.  Young  endeavoured  to  prove,  iii 
‘‘  anfwer  to  Lord  Stanhope,  that  the  dif- 
tinflion  between  gaffes  permanently  elaf- 
tic  and  gafles  or  vapours  not  permanently 
“ elaflic  was  only  imaginary,  and  even  ac- 
“ cording  to  Lavoisier’s  opinion,  acciden-  , 
tally  derived  from  the  circumflances  of 
“ preffure  and  temperature  under  wdiich  they 
are  fubmitted  to  our  examination,” 

He 
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He  concluded  by  defiring  that  the  follow- 
ing queftion  be  iiiferted  in  the  minutes. 

“ Does  Caloric  ever  enter  into  combina- 
tion  with  other  matter,  in  a maimer  fimi- 
“ lar  to  the  chemical  combinations  : Or  is 
“ it  ever  perfectly  latent 

Mr.  Devaynes  made  fome  objfervations 
which  were  well  received,  and  concluded 
with  propoling  the  queftlon  to  be  deci- 
ded by  experiments,  “ Whether  Caloric 
has  weight.  V* 


MINUTES 
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The  proportion  of  the  laft  meeting  re- 
mained on  the  tablet. 

The  members  were  condu(fted  to  different 
furnaces  in  which  the  experiments  were  car- 
ried on  j and  thefe  were  explained  by  the  af- 
fiftant  experimenters. 

■ Afterwards  the  Experimenter  expreffed  his 
refpedful  attention  to  the  arguments  of  the 
members  who  fpoke  at  the  lafl:  meeting,  and 
his  intention  to  difciifs  the  fubje^ls  of  them 
in  due  time, 

He  then  proceeded  as  follows. 

When  the  proper  bafis  of  a gas  is  firmly 
“ combined  in  any  body,  the  agency  of  the 
Caloric  of  low  temperatures  is  not  fuffici- 
“ ently  forcible  to  overcome  the  combining 
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powers.  So  fea  fait  may  be  heated  melt- 
“ ed  and  evaporated,  without  any  extrication 
“ of  its  acid,  and  without  forming  any  gas. 
But  when  we  apply  fulphuric  acid  to  fa- 
turate  the  alkaline  bafis  of  the  fait  and 
dillodge  the  marine  acid,  by  prevalent  elec- 
tlve  attraclion  ; then  the  latter  acid  in  its 
“ liberated  ftate,  combines  with  Caloric, 
ailumes  the  ftate  of  gas  and  maintains  it  at 
the  lowefi:  natural  temperature. 

“ The  like  obfervatlons  apply  in  all  the 
inftances  in  which  v/e  facilitate  the  extri- 
cation  of  gaffes  by  additional  fubftances  or 
common  Chemical  agents  ; as  when  we 
apply  lime  to  muriated  ammoniac,  in  or- 
“ to  produce  ammonlacal  gas. 

“ Each  of  the  Chemical  principles  of  this 
muriated  ammoniac,  namely  the  muriatic 
“ acid  and  the  ammoniac,  is  capable  of  form- 
ing  a gas  in  low  temperatures : but  the 
“ molecules  compofed  of  thefe  cannot,  for 
“ the  reafon  formerly  aligned,  hold  Caloric 
in  fufficient  quantity  to  maintain  the  gaf- 
feous  flate,  but  arc  compelled  by  their 
compounded  attradlions  to  form  aggregates, 
‘‘  The  aggregate  of  ammonlacal  fait  may 
be  melted,  and  by  a greater  heat  may  be 
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< thrown  Into  vapour,  without  undergoing 
‘ any  decompofition.  The  vapour  in  cool- 
‘ ing  concretes  into  a folld  mafs,  fuch  as 
‘ that  which  is  ufed  to  yield  ammoniacal 
‘ gas,  when  its  acid  is  engaged  by  another  bo- 
‘ dy  ; and  acid  gas  when  its  ammoniac  is  in 
‘ like  manner  engaged. 

“ In  tracing  the  attradions  and  combina- 
‘ tions  of  Caloric,  it  is  expedient  in  the  next 
‘ place  to  Ihew  their  gradations,  in  experi- 
‘ ments  which  require  nothing  more  than 
‘ the  mere  agency  of  Caloric.’* 


experiment  I. 

Martial  vitriol,  now  called  fulphat  of  iron, 
when  duly  prepared  and  frelh,  was  faid  to 
confift  of  55  of  water,  20  of  acid  and  25  of 
metal,  in  100  parts  of  the  fait. 

When  this  fait  was  quickly  heated  in  a 
clofe  vefld  provided  with  a recipient,  the  firft: 
effed  of  the  Caloric  was  to  expand  and  li- 
quify it.  The  fuperadded  portions  of  Calo- 
ric were  engaged  by  the  water  of  the  fait, 
and  expended  in  forming  it  into  vapour. 

To  profecute  the  experiment  conveni- 
ently, 
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Cntly,  a porcelain  retort  charged  with  two 
pounds  of  the  faline  mafs  which  remained 
after  the  expuKion  of  the  water,  was  pla-^ 
ced  in  a wind  furnace  ; a recipient  was  luted 
to  the  elongated  neck  of  the  retort,  and  to 
the  recipient  was  fitted  the  apparatus  of  Mr. 
WouLFE  defcribed  in  Lavoisier’s  Elements 
of  Chemiflry,  and  contrived  to  fave  and  ex- 
hibit the  various  products. 

When  the  heat  was  gradually  augmentedj 
to  exceed  that  at  which  the  chief  part  of  the 
•water  was  expelled,  the  lafl  portions  of  water 
pafled  off  accompanied  with  fulphuric  acid 
vapour  which  condenfed  in  the  recipient. 
During  the  dlftillation  of  the  Sulphuric  acid, 
fulphureous  gas  iffued  in  quantities  gradually 
augmenting. 

After  the  water  in  the  firfl:  bottle  had  ab- 
forbed  the  fulphureous  gas  until  it  was  fatu- 
rated,  the  other  bottles  in  fucceffion  abforbed 
more,  until  all  the  water  employed  was 
faturated. 

When  the  emiffion  of  the  gas  became  very 
flow  and  might  be  faid  to  have  ceafed,  not- 
witliflanding  the  red  heat  of  the  retort ; and 
when  It  was  obferved  that  a ftronger  fire 
muft  be  employed,  for  the  extrication  of  any 
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remaining  bafis  of  a gas,  the  recipient  wa3 
removed,  and  the  elongated  neck  of  the 
retort  was  made  to  deliver  the  fubfe<^uent 
gas  into  bottles  in  the  iifual  manner. 

The  fire  in  the  furnace  being  now  encreaf- 
ed,  fo  as  to  make  the  retort  glow  at  laft 
with  a white  heat,  the  product  was  oxygen 
gas  in  confiderable  quantity ; the  firft  por- 
tions of  which  were  of  courfe  accompanied 
with  a little  of  the  refiduary  acid,  but  thofe 
which  followed  were  pure,  or  nearly  fo. 
The  matter  remaining  in  the  retort  was  found 
to  be  oxyd  of  iron  flightly  magnetic,  and 
confequenlly  retaining  but  a fmall  quantity 
of oxygen, 

“ In  this  experiment  we  fee  a folid  body, 
“ not  only  expanded  but  refolved  into  many 
“ produ(5lsof  different  kinds  by  the  agency 
“ of  Caloric ; and  we  fee  the  fame  Caloric 
“ producing  different  effefls  on  the  different 
“ products  according  to  their  affinities. 

“ The  aqueous  part  of  this  faline  com- 
“ pound  is  firfl  formed  into  vapour  ; whofe 
“ elafticity  in  veflels  which  cannot  retain 
“ free  Caloric,  fliews  that  the  aqueous  mole- 
“ cules  engage  charges  of  Caloric  around 
• “ them ; and  whofe  fubfequent  condenfatioii 
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“ lliews  that  the  attractive  powers  which 
“ form  the  charges,  are  weaker  than  thofe 
which  tend  to  the  dlfFufion  of  the  Caloric 
“ and  the  re-union  of  the  molecules,  firfl:  to 
“ form  water  and  then  at  a lower  tempera- 
“ ture  to  form  ice.  The  fulphuric  acid  is 
‘‘  detained  until  the  agency  of  Caloric  is 
“ augmented  by  the  higher  temperature  : it 
is  then  formed  into  vapour,  whofe  elafti- 
“ city  and  fubfequeiit  condenfation  afford  the 
“ like  inferences* 

“ The  fulphureous  acid  follows  next,  when 
“ urged  by  Caloric  in  a higher  temperature* 
“ But  as  its  parts  retain  charges  of  Caloric 
“ with  forces  fufficient  to  overpower  thofe 
which  tend  to  the  diffufion  of  Caloric  and 
“ the  re-union  of  the  acid  particles,  the  gas 
“ now  formed  maintains  its  elaftlclty  under 
“ any  prefl'ure  or  ordinary  temperature.  So 
“ does  the  oxygen  gas,  whofe  bafis  adher* 
“ ing  mofl;  firmly  wdth  iron,  is  extricated  the 
“ laft,  by  combining  with  Caloric  and  form- 
“ ing  oxygen  gas.” 

EXPERIMENT  II. 

Ill  the  next  experiment  a glafs  retort  was 
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tharged  with  thirty-four  ounces  of  dry  white 
hitrat  of  mercury,  confifting  of  twenty-four 
of  mercury  and  ten  of  acid.  The  retort  was 
Coated  with  a compofitlon  of  one  meafure  of 
Sturbridge  clay  finely  powdered,  four  mea- 
fures  of  coarfe  powder  of  Potters  Ware  made 
of  Sturbridge  clay  and  baked,  and  one  mea- 
fure of  Tow  cut  into  fhort  filaments  ; all  well 
mixed  and  then  moiflened  to  form  a plailic 
pafte  with  water.  The  whole  mafs  was  ap- 
plied firfi:  to  the  bottom  of  the  veflel,  and  was 
then  preffed  and  extended  to  an  equal  thick- 
nefs  over  the  fides  and  helm.  For  when  a 
coating  is  made  with  feveral  pieces,  it  is  apt 
to  crack  in  the  jundlures  during  the  drying. 

The  retort  was  placed  on  the  fand  bed  of  a 
reverberatory  furnace,  with  the  whole  of  its 
long  (lender  neck  proje(ll:ing  out  of  it.  A 
recipient  previoufly  ground  to  the  neck  of  the 
retort  was  fitted  to  it,  and  a tube  ground  into 
the  upper  part  of  the  recipient,  was  bent  fo 
as  to  deliver  any  elaftic  fluid  pafling  through 
it,  into  water,  and  through  a funneled  fhelf 
into  inverted  bottles; 

When  the  charge  was  fufficiently  heated, 
a thick  red  acid  vapour  arofe,  and  pafling  into 
the  recipient,  was  very  flowly  condenfed  by 
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the  aid  of  iced  water.  Of  the  nitrous  ga5 
which  was  formed  and  expelled  about  the 
fame  time,  a part  was  condenfed  in  the  acid 
which  it  coloured  highly,  the  remainder  paf- 
fed  off  permanently  elaftic.  Tlie  quantity  of 
nitrous  gas  relatively  to  that  of  the  conden- 
fed acid,  augmented  gradually  until  about 
eight  ounces  of  both  were  expelled,  and  the 
laft  portions  confifted  entirely  of  nitrous  gas. 

A longer  continuance  of  the  fame  heat  pro- 
duced no  further  effect.  The  mafs,  which 
was  now  red  oxyde  of  mercury,  retained  the 
oxygen  which  belonged  to  the  balls  of  the 
nitrous  gas,  and  fuftained  this  heat  of  about 
fix  hundred  degrees  without  any  decompo- 
litlon. 

The  recipient  being  removed,  the  mouth 
of  the  retort  was  made  to  enter  the  water 
obliquely  under  the  funneled  fhelf.  The 
lire  was  railed  gradually  until  the  coating  be- 
gan to  grow  red.  Oxigen  gas  now  iflued 
quickly  or  flowly  according  to  the  flate  of 
the  fire  in  the  furnace,  and  was  received  in 
bottles : In  the  mean  time  a (lender  ft  ream 
or  fuccefiive  drops  of  Quickfilver  trickled 
down  into  the  water.  When  the  retort  had 
cooled,  not  a particle  of  mercury  or  oxyde 
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remained  in  it.  The  neck  of  the  retort, 
fhewed  a film  of  mercury  adhering  to  it  and 
filvering  it.  It  was  obferved  that  when  this 
operation  is  hahily  performed,  the  guft  of 
Oxygen  gas  carries  with  it  a little  of  the  mer- 
curial oxyd  in  fine  powder  which  entangles 
a film  and  fmall  globules  of  mercury  near 
the  helm. 

Throughout  this  operation  as  well  as 
the  laff,  Caloric  manifeftly  a£ls  as  a Che- 
“ mical  principle  in  regard  to  the  bafes  of  thd 
gaffes,  and  combines  with  them. 

“ The  Chemical  principles  of  nitrous  acid, 
namely  the  nitrous  bafe  and  oxygen,  are 
“ each  capable  of  combining  with  Caloric 
and  of  forming  dlftin61:  gaffes.  Thefe 
“ when  prefented  to  each  other,  combine 
fpontaneoufly  and  form  nitrous  acid ; 
“ excluding  in  the  mean  time  a great  part 
“ of  their  combined  Caloric.  Hence  it  hap- 
“ pens,  that  a eonfiderable  quantity  of  ni- 
trous  acid,  whether  it  be  expelled  iii  the 
“ form  of  acid  vapour,  or  in  the  flate  of 
“ gaffes,  condenfes  flowly  in  the  recipi- 
“ ent.  But  as  the  oxygen  adheres  moft 
firmly  to  the  mercury,  and  cannot  be 
**  expelled  from  it  by  any  heat. under  fe- 
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* veil  hundred’  degrees,  all  the  nitrous  bale 
‘ which  belonged'  to  this  part  of  the 
‘ mercurial  oxyd,  pafles  orF  In  the  lower 
‘ temperatures  in-  combination  with  Caloric 
‘ and  thus  forms  the  nitrous  gas. 

“ Although  the  acid  be  maintained  in 
‘ the  Hate  of  vapour  in  high  tempera- 
‘ tures,  it  condenfes  at  the  lower,  by  the 
‘ attraction  of  its  parts  and  the  diffuhon 
‘ of  the  Caloric  to  colder  bodies.  The 
‘ mercurial  vapour  condenfes  by  the  like 
‘ means  in  the  cold  neck  of  the  retort, 
‘ But  with  the  nitrous  bafe  and  the  oxy- 
‘ gen,  Caloric  combines  and  forms  gaffes 
‘ permanently  elahic  at  the  loweff  na- 
‘ tural  temperatures. 

“ In  confequence  then  of  the  gradations 
‘ of  the  attractive  forces,  the  Caloric  aCts 
‘ differently  on  the  different  fubjeCts,  and 
‘ combining  with  fome  whilft  it  evapo- 
‘ rates  others,  it  refolves  the  folid  fait 
‘ into  four  diftinCt  bodies,  namely  mer- 
‘ cury,  nitrous  acid,  nitrous  gas,  and  ox- 
‘ ygen  gas. 

“ That  Caloric  is  combined  in  thefe 
‘ gafles,  and  is  the  caufe  of  their  elafti- 
‘ city  we  learn  by  general  analogy,  as 
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well  as  by  the  following  obfervation«. 
Whilft  nitrous  gas  ifl'ues  accompanied 
with  little  or  no  condenfible  acid,  it 
paffes  cool  through  the  flender  long  neck 
of  the  retort,  from  a charge  in  which 
the  heat  is  550  or  600°:  The  oxygen 
gas  llkewife  paffes  cool  from  the  red  hot 
oxvde.  If  the  two  safles  be  further  cool- 
ed  in  iced  water,  and  then  mixed  in  an 
intermediate  veffel  in  the  proportion  of 
two  gallon  meafures  of  nitrous  gas  to 
one  of  oxyen  gas,  they  form  nitrous  acid. 
The  Caloric  excluded  in  the  mean  time, 
heats  the  neighbouring  bodies,  and  fhews 
that  it  was  in  a ftate  of  combination 
around  the  dlftant  parts  of  the  gafl’es  ; 
for  otherwife  this  Caloric  of  the  feveral 
gafles  would  have  diffufed ' itfelf  to  the 
iced  water,  or  be  dlfcoverable  by  the 
ufual  charaders  of  Caloric  of  tempe- 
rature. 

“ The  quantity  of  Caloric  emitted  on 
this  occahon,  is  greater  if  the  veffel  be 
wet  with  water:  for  it  is  the  nature  of 
mere  nitrous  acid  and  of  nitrous  falts  to 
retain  Caloric  in  great  quantity  and  inti- 
mately combined.” 
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EXPERIMENT  III. 

In  the  next  experiment,  a porcelain  retort 
was  charged  with  pure  dry  acetat  of  lime, 
the  neck  was  elongated  by  luting  a conical 
glafs  tube  to  it ; and  to  the  extremity  of  this 
tube,  the  apparatus  for  faving  the  condenfi- 
ble  and  elaftic  products  was  fixed  with  glue 
lute. 

Glue  lute  is  made  with  powdered  lime  and 
liquid  glue,  fuch  as  carpenters  ufe,  quickly 
mixed  to  the  confiftency  of  pafte,  and  ap- 
plied whilft  warm,  between  the  junflures, 
rather  than  upon  them.  It  fets  quickly, 
rather  fwells  than  contracts,  and  foon  becomes 
impervious  to  air. 

Tile  acetat  of  lime  having  been  long  ex- 
pofcd  in  a heat  of  212,  had  no  Imell  of  ace- 
tic acid,  and  confilfedof  1586  grains  of  lime^' 
and  2379  grains  of  acid.  It  was  expofed  to 
heat  in  the  manner  of  the  former  experi- 
ment. 

In  confequence  of  the  gradual  aftion  of  the 
fire  on  this  fait,  until  the  retort  was  red 
hot,  the  acid  was  decompofed,  and  by  the 
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union  of  fome  of  its  principles  with  Caloric, 
was  refolved  into  the  following  products. 
Azotic  gas,  Carbonic  acid  gas,  Carbonated 
Hydrogen  gas,  Ethereal  oil,  Carbo  and 
Calcareous  earth. 

The  Azotic  gas  paffed  off  chiefly  with  the 
firft  portions  of  the  gafles,  and  its  quantity 
was  comparatively  fmall. 

The  Carbonic  acid  gas  and  the  carbonated 
hydrogen  gas  pafled  together,  without  unit- 
ing; the  mixed  elaftic  fluids  confiding  chiefly 
of  the  latter  towards  the  end.  The  conden- 
fible  iTthereal  oily  vapour  palled  off  from  the 
beginning,  and  during  the  predominance  of 
Carbonic  acid  gas  in  the  produfts. 

The  refidue  in  the  retort  confifted  of  lime 
combined  with  carbonic  acid,  and  charged 
with  carbo  to  blacknefs. 

Diluted  marine  acid  applied  to  this  coaly 
matter  expelled  the  remaining  carbonic  acid, 
dillblved  the  lime  and  carried  it  through  a 
filter,  leaving  the  Carbo  behind. 

As  the  purpo-fes  of  the  experiment,  did  not 
require  any  corre<ff  menfuration,  it  was  deemed 
fufficlent  to  fay  that  the  proportions  were  not 
far  diflant  from  the  following  : 
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Grains, 


Carbonic  acid  ^as  - - - - 

Carbonic  acid  retained  in  the  lime 
Carbonated  Hydrogen  gas  - 
Ethereal  oil  - - _ - . 

Carbo  fixed  in  the  lime  - 
Azotic  gas  computed  at  - r 


35Q 

85Q 

6oq 
300 
1 20 

50 


2270 

The  aqueous  matter  fayed,  toge- 
ther with  that  which  followed  the 
gaffes,  and  was  not  meafured  was 
eftimated  at  - lo^ 

The  weight  of  the  acid  originally 
employed,  being  - - - - 2379 

Throughout  this  procefs,  the  gaffes  iffued 
cool,  even  when  the  charge  was  red  hot. 

Thus  by  the  affinities  of  Caloric  and  the 
gradations  of  them,  the  folid  fait  was  refolv-r 
ed  into  many  different  Chemical  bodies,  fome 
holding  it  weakly  or  in  fmall  quantity,  whilff 
pthers  held  it  firmly  combined. 
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EXPERIMENT  IV, 

Proper  portions  of  the  various  prodii(5ls  of 
this  operation  being  put  together,  namely  the 
black  earthy  refidue,  and  the  three  different 
gaffes,  at  the  ordinary  temperature  of  the 
air;  no  union  of  them  took  place,  norap^ 
peared  in  many  hours  to  be  effe£led,  On  the 
contrary  the  Caloric  maintained  its  combina- 
tions in  oppofition  to  the  attradlive  forces 
which  formed  the  fait ; and  due  portions  of 
the  oily  and  aqueous  liquors  did  not  ferve 
to  unite  the  produf£ls  in  any  confiderable 
t^uantity, 

EXPERIMENT  V. 

Equal  meafures  of  the  carbonated  hydro- 
gen gas  and  of  oxygen  gas  being  mixed,  they 
maintained  their  refpeifflve  bulks  in  confe- 
quence  of  the  union  of  each  with  its  Caloric; 
but  on  the  application  of  an  eledbrlcal  fpark 
they  flamed,  emitted  Caloric,  and  formed 
jparbonic  acid  gas  and  water. 

'fbe  parbonated  hydrogen  gas  ufed  in  this 
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combuftion,  was  previoudy  purified  from  the 
carbonic  acid  gas,  by  agitatloO  with  Jime  wa- 
ter, which  quickly  abforbed  the  latter,  but 
not  the  former. 

All  the  inferences  of  the  former  experi- 
ments concerning  Caloric,  apply  in  thefe  laft, 
and  are  the  more  latisfactory  as  they  appear  in 
the  greater  number  of  different  gaffes  and 
produfls,  to  be  conformable  to  the  general 
analogies  of  nature. 

“ As  the  earthy  refidue  of  the  third  expe- 
riment  confifts  of  lime  and  carbonic  acid, 
with  a little  Carbo  fcarcely  worth  notice, 
“ and  as  this  acid  certainly  attrafls  Caloric, 
“ nothing  but  its  forcible  attraflion  to  lime 
“ prevented  it  from  forming  gas,  and  paffing 
“ off  with  the  Caloric,  iii  the  red  heat  to 
“ which  it  was  fo  long  expofed. 

“ In  other  words  we  exprefs  the  fame  thing 
“ faying,  that  the  agency  of  the  Caloric  of 
this  temperature  is  not  fufficiently  power-» 
“ fill  to  overcome  the  attradlion  of  lime  to 
“ tlie  faturating  acid.  But  as  the  denfer  Ca- 
“ loric  of  higher  temperatures,  affs  more 
*•*  powerfully  to  expand  bodies,  to  dllunite 
“ tlieir  parts,  and  to  weaken  their  attra^lions 
“ by  encreafing  their  diflances,  and  at  the 

“ fame 


( 59  ) 

fame  time  affifts  by  its  preffion  to  compel 
and  condenfe  Caloric  around  thefe  parts } 
nothing  is  neceflary  towards  the  total  ex^ 
“ puhion  of  the  carbonic  acid  and  the  confer 
“ quent  formation  of  it  into  gas,  but  a 
due  augmentation  of  the  temperature  ; as 
U the  following  experiment  will  Ihew, 


EXPERIMENT  VI. 

A porcelain  retort  whofe  neck  was  long  and 
{lender,  was  charged  with  a quantity  of  black 
earthy  matter  equal  to  that  of  the  laft  ex- 
periment; and  the  mouth  of  the  retort  was 
inclined  into  water  fo  as  to  deliver  the  pro- 
ducts in  the  manner  formerly  mentioned. 
Nothing  befides  the  gafles  which  flood  in  the 
neck  of  the  retort  and  in  the  interflices  of 
this  charge  ifluecj,  until  the  retort  was  heat- 
ed beyond  the  hlghefl  temperature  of  the  laft 
cjifllllatlon.  As  the  fire  was  increafed  during 
four  hours  until  the  retort  glowed  with  a 
white  heat,  the  whole  of  the  carbonic  acid 
was  expelled  in  the  form  of  gas  accompanied 
with  a fmall  quantity  of  inflammable  gas. 

When  the  emlflion  ceafed  and  the  vefl'els  w^re 
• » 
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cool,  the  refidue  was  found  to  be  perfect: 
Jlme,  coloured  (lightly  grey  by  the  refiduary 
Carbo.  Some  allowance  being  made  for  the 
parts  which  touched  the  retort  and  adhered 
by  vitrification,  the  weight  of  the  lime  cor- 
rclponded  with  that  which  was  originally 
employed  in  the  compofition  of  the  fait.  la 
the  efidux  of  the  elaftic  fluids  from  the  glow- 
ing charge,  the  long  neck  of  the  retort  was 
not  fenfibly  heated,  beyond  the  place  to  which 
the  heat  of  the  bricks  extended. 

The  refiduary  mafs  confiding  of  fpongy 
fragments  of  lime,  was  placed  wli^n  cold  in 
a vefl’el  filled  with  the  gas  wdilch  had  been 
expelled  from  it  and  dried;  but  did  not  in 
the  courfe  of  feveral  days  reflime  any  of 
the  gas. 


EXPERIMENT  VII. 

Another  retort  was  in  like  manner  placed, 
being  prevloufly  charged  with  dried  fragments 
of  purified  chalk,  called  whiting.  The  elaf- 
tip  produfl:  of  this  charge  was  paflTed  fome- 
limes  through  mercury  and  at  other  times 
through  water;  but  invariably  confided  of 
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carbonic  add  gas  mixed  with  an  inconfider- 
able  quantity  of  Azotic  gas. 

Sixteen  ounces  troy  of  whiting  were  thus 
reduced  to  about  nine  or  lefs  of  lime  void  of 
carbonic  acid,  and  feven  ounces  of  carbonic 
acid  were  formed  into  gas  and  expelled. 

Little  or  none  of  the  Carbonic  acid  gas 
fued  until  the  retort  was  red  hot ; a d the 
rapid  efflux  of  fo  much  gas  from  the  reddened 
or  the  glowing  charge,  never  heated  the  lien-* 
der  long  tube  through  which  it  palTed,  This 
Lime  expofed  like  the  former  to  the  gas  of  this 
experiment  did  not  combine  with  any  part  of  it. 

Here  the  inferences  formerly  made  relative, 
to  the  agency  and  combinations  of  Caloric, 
were  drawan  into  clofer  order ; and  many  in- 
fiances  were  enumerated  with  the  two  laff, 
to  fiiew  that  the  aggregations  which  rehft  the 
expanding  powers  of  Caloric  in  low  tempe- 
ratures, are  weakened  in  higher,  and  arc 
overpow^ered  in  flill  higher;  in  which  lafl 
Caloric  ading  with  increafed  denfity  and 
energy,  envelopes  the  parts  which  it  attrads, 
combines  in  certain  quantity,  is  relatively  of 
weakly  engaged  in  a further  quantity  ; and  as 
to  the  remainder,  expands  into  neighbouring 
bodies  and  fpaces  to  form  an  equilibrium. 

The 
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Tlie  relative  engagements  of  Caloric  were 
thus  explained.  “ In  a fylfem  of  particles 
“ expofed  to  Caloric,  whofe  parts  repel  each 
“ other,  the  extreme  tenuity  of  the  parts  of 
“ Caloric  is  to  be  coiiiidered.  Expanding 
from  any  central  fource,  it  pervades  gradu- 
ally  but  not  inftantly’  any  number  of  the 
“ moll  compad;  veflels  of  glafs,  metal  or  other 
materials.  If  Light  conlift  of  nothing 
more  than  particles  of  Caloric  fuceffively 
“ projeded  and  moving  with  immenfe  velo- 
“ city,  and  ading  as  Fire  wherever  they  are 
“ flopped  and  accumulated  in  due  quantity^  as 
in  bodies  placed  in  the  focus  of  a lens,  the 
“ free  and  rapid  paffage  of  light  through 
media  which  flop  all  other  matter,  fliews 
‘‘  flill  better  the  extreme  fmallnefs  of  the 
parts  of  Caloric,' 

“ According  to  the  eflablifhed  laws  of  at- 
tradion  and  motion,  the  heavier  and  groffer 
“ particles  of  bodies  which  attrad  Caloric, 
“ mufl  compel  its  fmaller  particles  around 
“ them;  and  we  are  not  yet  acquainted  with 
“ any  thing  that  can  limit  the  quantities 
“ which  they  can  feverally  draw  into  clofe 
“ union  or  approximation  with  them,  ex- 
cept  the  repullive  nature  of  the  parts  of 
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Caloric  telatively  to  each  othei',  oi" 

“ attraction  to  other  bodies. 

“ The  obvious  confequerice  of  fuch  naturd 
“ powers  and  laws  is  this.  The  groffer  and 
“ heavier  central  particles  feverally  engage 
“ Caloric  around  them,  connbinlng  with 
“ a certain  portion,  and  drawing  the  res- 
“ mainder  of  their  refpeCbive  charges  into  the 
“ form  of  atmofpheres  decreafing  in  denfity 
“ as  the  diflances  from  the  central  particles 
“ encrenfe.  So  the  earth  , carries*  the  like 
“ atmofphere  of  air,  and  eleClrified  bodies 
“ maintain  their  eleCtrIcal  atmofpheres. 

“ In  this  condition  of  particles  attracting 
“ fuch  atmofpheres,  and  confequently  retaiir*^ 
“ ed  in  them,  the  repellent  and  receding 
‘‘  atmofpheres  carry  with  them  their  central 
“ particles,  until  the  expanfion  of  the  elafhc 
“ fluid  thus  conftituted  is  flopped  by  feme 
“ contrary  power.  This  notion  agrees  with 
“ the  phenomena,  and  ferves  to  explain  ma-^ 
ny  which  are  otherwife  Inexplicable. 

“ Thefe  things  being  confldered,  it  will 
“ appear  that  in  a gas  of  any  kind,  the  den- 
“ fity  or  quantity  of  each  little  atmofphere 
“ of  Caloric,  will  depend  on  the  temperature 
“ of  the  gas,  or  on  the  denfity  of  the  Ca* 
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lone  impelled  upon  it.  For  by  a geliefal 
“ law,  which  will  prefently  be  confidered,* 

“ the  preflioii  of  the  denfer  Caloric  of  higher 
“ temperatures,  co-operates  towards  the  for- 
“ matlon  of  denfer  or  deeper  atmofpheres. 

“ From  the  manifeft  attradions  of  Calo- 
ric  ; from  the  general  law  by  which  diffi- 
milar  particles  not  only  unite  but  combine; 

“ from  the  agency  of  Caloric  as  a Chemical 
“ principle  in  decompofitions  and  combina- 
“ tions ; from  the  manifeft  fuppreftion  of  its 
proper  characters  in  thefe  combinations  ; 

“ and  from  the  recited  charafters  of  the 
“ elaftic  fluids;  we  learn,  that  a portion  of 
“ their  Caloric  is  combined^  whilft  more  is 
concentrated  and  engaged  by  weaker  at- 
traftive  forces ; and  that  the  quantity  of 
this  laft  efpecially,  varies  with  the  pref- 
**  lion  of  the  Caloric  of  temperature;  every  • 
“ augmentation  of  which  tends  to  encreafe 
“ the  volume  and  elafticity  of  gaftes/’ 


Whilft  the  members  were  reviewing  the 
operations  at  the  furnaces,  divers  coiiverfa- 
tions  arofe,  fome  of  which  were  to  the  fol- 
lowing efteft. 
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In  the  preparation  of  lime,  Caloric  com- 
bines not  oilly  with  the  Carbonic  acid  to  form 
the  gas,  but  with  the  refiduary  earth  allb,  to 
form  lime.  The  uncomblned  mere  calcare- 
ous earth  is  not  known. 

Without  awaiting  the  experiments  and  in- 
ftruments  by  which  the  quantities  of  Caloric 
are  meafured,  we  can  ealily  difcover  that  it 
enters  largely  into  the  compolition  of  lime. 
For,  not  to  fpeak  of  the  efFedt  of  acids  on  this 
Earth,  the  mixture  of  water  with  lime  in 
equal  quantities,  produces  heat  enough  to 
form  the  greater  part  of  the  water  into  va- 
pour, and  to  make  the  flaking  lime  almoft 
red  hot ; for  if  the  lime  be  heaped  againfi:  a 
boarded  partition  containing  iron  nails,  and 
be  duly  flaked  in  this  fituation,  it  will  heat 
the  nails  fufficiently  to  Inflame  the  boards. 

As  Caloric  can  feparate  the  whole  of  the 
Carbonic  acid  from  the  Earth,  and  prevent 
their  re-union  ; and  as  water  tends  to  exclude 
Caloric  from  lime  and  carbonic  acid  gas ; 
it  feems  that  the  agency  of  water  towards 
promoting  the  union  of  carbonic  acid  gas 
or  its  bafe  with  lime,  depends  on  the  mere 
exclufion  of  the  predominant  Caloric. 

The  grey  or  yellowifh  colour  of  lime  that 
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!ias  been  prepared  in  compact  porcelain  vef- 
lels,  and  cooled  without  expofure  to  air,  is 
owing  to  a fmall  quantity  of  oily  or  carbo- 
naceous water  contained  in  the  chalk  or  lime 
ftone.  This  avails  nothing,  in  any  of  the 
ordinary  ufes  of  lime,  and  is  burned  out  io 
the  common  manufafture  of  it. 

Towards  the  perfe<fl:ion  of  lime  for  Che- 
mical ufes,  it  is  neceflary  that  the  carbonic 
acid  be  totally  expelled  from  it  by  aftrong  fire. 

If  the  chalk  or  lime  ftone  contain  argil  or 
gypfum,  which  often  happens,  it  will  not 
afford  good  lime,  becaufe  it  will  undergo 
fome  degree  of  vitrification  by  the  neceflary 
heat,  in  proportion  to  the  quantity  of  thele 
impurities. 

Lime  may  be  kept  for  years  unaltered,  in 
glals  veflels  flopped  with  ground  glafs  flop- 
pies ; but  will  flake  in  a few  months  iir 
bottles  covered  with  many  folds  of  bladder, 
or  with  any  thing  that  is  pervious  to  moift- 
ure,  and  in  flaking  will  imbibe  carbonic 
acid  along  with  the  moifture  from  the  air. 
Therefore  it  is  more  neceflary  towards  the 
prefervation  of  lime,  to  exclude  the  moifture, 
than  the  air  or  any  carbonic  acid  gas  which 
may  accompany  it ; for  neither  of  thefe 
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]aft  will  alter  the  lime  whilft  it  remains  per-- 
fedllv  drv, 

•/  •f 

As  mortar  ferves  to  cement  bricks  in  build- 
ing,  lime  ferves  to  cement  the  grains  of  fand, 
which  conltitute  the  bails  of  the  mortar, 
with  each  other  and  with  the  brick  or  fione. 

The  lime  flaked  by  the  water,  drinks  in 
Carbonic  acid  gas  greedily  from  the  air,  whilft 
the  'water  exhales  j and  the  mortar  becomes 
indurated,  - not  by  mere  exficcation,  but  by 
the  acceifion  of  that  matter  which  fupplies 
the  place  of  the  water,  and  contributes  to 
the  cryftallization  of  the  calcareous  cement. 
Thus  mortar  approaches  daily  to  its  utmoft 
induration,  but  without  any  fhrinking  of  the 
walls  ; except  In  buildings  haflily  eredfed, 
and  fo  high,  that  the  fuperincumbent  prefTure 
fqueezes  out  the  mortar,  before  it  has  acquired 
any  folidity.  In  the  befl;  and  oldeft  cements 
of  this  kind,  it  appears  that  every  loo  parts 
of  lime  have  imbibed  iixty  of  carbonic  acid. 

Tow'ards  the  perfedfion  of  a calcareous  ce- 
ment for  building,  or  for  incruftations  in  the 
manner  of  flucco,  the  following  things  are 
iieceflary. 

The  fand,  which  is  the  hardeft  mod:  info- 
lubleand  durable  part  of  it,  ought  to  make 
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the  chief  part  of  its  bulk;  and  to  this  end  it 
ought  to  be  free  from  clay  and  other  impuri- 
ties, and  be  of  the  kind  called  fliarp  fand : 
that  is  to  fay,  inftead  of  confifting  of  grains 
bounded  by  curved  furfaces,  or  of  rounded 
grains  which  leave  the  larger  interftices,  it 
oudit  to  have  its  furfaces  flat  and  capable  of 
being  cemented  together  by  the  fmaller  quan- 
tity of  calcareous  matter.  To  this  end  alfo 
coarfe  fand  ought  to  be  mixed  widi  as  much 
fine  as  will  fill  its  interftices  without  encreaf- 
ing  its  bulk.  This  quantity  of  fine  fand  is 
about  I -6th  of  the  bulk  of  the  coarfe. 

Chalk  being  a friable  fpongy  body,  when 
it  is  but  (lightly  burned  or  deprived  of  a 
part  of  its  Carbonic  acid  imbibes  water  and 
flakes  freely  ; and  the  flaking  being  the  cri- 
terion of  the  builders,  the  manufacturers 
of  chalk  lime  content  themfelves  with  giving 
the  heat  and  time  neceflary  for  making  it 
faleable. 

Limeftone  being  much  more  compact  will 
not  flake  freely  until  it  has  loft  more  of  its 
carbonic  acid.  The  greater  heat  applied  for 
this  purpofe,  and  the  time  neceflary  for  con- 
fuming  the  greater  quantity  of  fuel  which  is 

thrown  in  with  the  limeftone,  infure  a more 
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perfe£l  calcination : Hence  in  the  common 
courfe  of  trade,  flone  lime  is  better  than 
chalk  lime.  But  if  they  be  equally  divefled 
of  the  carbonic  acid,  they  ferve  alike  for  the 
compofition  of  good  mortar. 

One  part  of  perfed  lime,  flaked  after  it 
has  been  weighed,  with  lime  water  inflead 
of  common  water,  is  fufficient  for  five  of  the 
blended  fands. 

The  mixture  of  thefe  with  the  neceflTary 
quantity  of  lime  water,  ought  to  be  made 
quickly,  and  the  cement  or  mortar  thus  pre- 
pared ought  to  be  ufed  immediately,  left  the 
llmefhould  imbibe  carbonic  acid  from  the  air, 
before  it  has  been  placed  where  it  ought  to 
cryftallize  and  cement  the  contiguous  quief- 
cent  parts.  A greater  quantity  of  lime  than 
this,  in  which  it  compleatly  intercedes  the 
furfaces  and  fills  the  fpaces  of  the  fand,  is 
unneceflary  in  mortar,  and  is  injurious  in  in- 
cruftations ; becaufe  more  lime  requires  more 
water,  and  fuch  ftucco  fhnnks  and  cracks  in 
drying. 

If  lime  for  Incruftations  be  not  perfeiftly 
and  equally  flaked,  the  unflaked  grains  will 
caufe  blifters  in  the  work  : therefore  the  lime 
for  this  ufe  ought  to  be  kept  flaked  for  fome 
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days,  but  guarded  from  the  entry  of  carbonic 
acid  gas.  This  iseffe£led  by  the  cruft  which 
forms  on  the  furface  of  water  with  which  it 
ought  to  be  covered.  . When  an  incruftation 
becomes  dry  and  hard  throughout,  it  will 
imbibe  lime  water  in  confiderable  quantity, 
and  being  two  or  three  times  wetted  with  it, 
will  become  much  harder  and  more  durable: 

Lime  which  contains  Argil  in  confderable 
quantity,  as  Darking  lims  and  Barrow  lime, 
have  their  peculiar  ufes  and  modes  of  treat-- 
ment. 
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PROPOSITION. 

**  Prejfure  co-operating  with  attractive  Forces 
“ towards  the  Approximation  or  Aggregation 
“ of  the  Parts  of  Bodies,  tends  to  the  Extri- 
“ cation  of  a Part  of  the  engaged  Caloric. 


REMARKS  ON  THE  OBJECTIONS  TO  THESE 
“ NOTIONS  OF  COMBINED  CALORIC,” 
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The  prefent  plan,  faid  the  Experimen- 
ter, requires  that  experiments  be  made  in 
the  order  which  the  circumflances  of  the 
Elaboratory  will  permit,  and  that  general 
principles  be  illuftrated  if  not  eflablifhed, 
before  any  ftri6l  calculations  be  attempted, 
E 4 “A  cou- 
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A confiderable  latitude  in  fpeech  is  ad- 
miflible  under  thefe  circumflances ; and 
“ the  phenomena  ought  to  be  noticed  as  they 
“ arile,  whether  they  relate  to  the  announced 
“ propofitioii  or  not ; for  thus  one  experi- 
“ ment  may  ferve  many  purpofes.” 

The  bufiuefs  of  this  evening  requiring  the 
affiftance  of  all  the  experimenters  ; Mr, 
Johnson  took  the  part  of  tiiewing  and  ex- 
plaining the  proceffes  for  the  preparation  of 
fulphuric  Ether  for  experimental  ufe. 

' He  gave  the  neceflary  cautions  to  prevent 
danger,  and  to  obtain  the  ether  in  the  greateft- 
quantity  and  in  the  purefi:  flate  ; and  noticed 
the  phenomena  which  relate  to  the  nature 
of  Caloric,  and  to  the  propofitlon  on  the  ta- 
blet ; and  referred  to  the  numerical  book  of 
the  laboratory,  in  which  under  the  article 
Ether  fulphuric,  the  improvements  no\y 
made  were  briefly  dcfcribed,  as  follows. 

“ Equal  parts  of  alkohol  and  flrongefl: 
“ fulphuric  acid,  are  to  be  mixed  in  a retort 
“ by  adding  the  latter  to  the  former,  in 
“ fmall  portions  at  diflant  intervals,  fo  that 
“ the  heat  of  the  mixture  flaall  not  exceed 
“ 120,  until  the  lafl:  portion  of  the  acid  has 
“ been  introduced. 
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“ The  retort  is  then  to  be  placed  in  a 
* fand  bath  previoufly  heated,  fo  that  the 
‘ dlftillatlon  may  foon  commence  at  the 
‘ boiling  point.  As  foon  as  pofiible  after 
‘ the  retort  has  been  placed,  a tubulated 
‘ receiver  is  to  be  luted  to  it,  in  the  man- 
‘ ner  defcrlbed  by  Lavoisier,  and  the 
‘ bottle  which  is  to  receive  the  diflilled  li- 
‘ quor  is  to  be  well  fitted  to  the  tube  of 
‘ the  recipient.  When  the  w^elght  of  the 
‘ ethereal  liquor  firft  difiilled  is  to  that  of 
‘ the  alkohol  as  14  to  32  ; or  .when  the 
‘ fmallefi:  quantity  of  an  heavy  liquor  ap- 
‘ pears  under  the  ethereal,  the  bottle  is  to 
‘ be  immediately  removed  and  clofed  with 
‘ a glafs  fiopple.  Another  bottle  is  to  be 
‘ fitted  to  the  recipient  to  receive  the  fub-r 
‘ fequent  produfls,  which  confifi:  of  a yel- 
‘ lowifh  fulphureous  ethereal  fluid,  floating 
‘ on  an  acid  watery  liquor,  both  making 
‘ i-8th  of  the  weight  of  the  alkohol. 

“ If  the  bottle  be  not  removed  about  this 
‘ period,  the  jundlures  will  be  forced  by 
‘ the  fulphureous  gas,  and  the  black  ful- 
‘ phureous  liquor  in  the  retort  will  fuddenly 
‘ expand  and  froth,  and  pafs  into  the  reel- 
‘ pient. 
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“ To  feparate  the  ethereal  from  the  watery 
“ and  acid  part  of  the  laft  product,  without 
“ wafte,  the  bottle  Icofely  flopped  is  to  be 
“ inverted  ; and  if  the  prefiure  of  the  gas 
“ within  flaould  not  expel  all  the  watery 
“ part,  a warm  cloth  applied  about  the  bottle 
“ will  do  it.  The  liquor  thus  feparated 
“ from  the  watery  portion,  is  the  oil  of 
“ wine  of  former  Chemids,  and  is  to  the 
“ alkohol  in  weight  as  i to  1 6.  It  coiififts 
“ of  ether  and  fulphureous  acid,  and  not 
of  oil  as  has  been  imagined. 

“ It  is  to  be  poured  on  eight  times  its 
“ weight  of  aqua  kali  puri,  and  the  bottle 
being  flopped,  is  to  be  agitated,  but  only 
“ a little  at  a time,  in  order  that  the  ful- 
“ phureous  acid  may  be  withdrawn  from  the 
“ ether,  with  the  Imalleft  augmentation  of 
“ temperature  ; for  quicker  mixture  caufes 
“ heat,  which  is  attended  with  wafle  of 
“ ether,  or  the  danger  of  burfling  the  vefTel. 
“ When  the  ether  has  feparated  from  the 
“ faline  liquor,  the  latter  is  to  be  excluded  in 
“ the  manner  above  mentioned,  and  the 
“ ethereal  part  is  to  be  mixed  with  that 
“ which  was  firfl  diflilled,  together  with 

“ as  much  aqua  kali  puri  as  will  entirely 
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fiipprefs  the  fulphureoiis  fmell.  The 
necelTary  quantity  of  aqua  kali  purl  for 
thefe  purpofes,  is  about  half  the  weight 
of  the  alkohol. 

“ It  is  now  to  be  ohferved  that  frequent 
agitation  and  perfect  mixture  in  a veffel 
well  flopped,  are  as  necefliiry  as  the  due 
quantity  of  the  alkali,  towards  withdraw- 
ing the  fulphureous  acid  from  the  ether. 

“ When  the  fmell  is  purely  ethereal,  and 
the  taffe  difcovers  a flight  excefs  of  alka- 
li, the  liquor  without  boiling  is  to  be  very 
flowly  difliiled  in  veflTels  well  luted.  The 
product  in  ether,  will  be  to  the  alkohol, 
in  weight,  as  1 1 to  ^2;  and  the  oily  film 
which  remains  floating  on  the  faline  li- 
quor in  the  retort  will  not  amount  to  more 
than  about  15  grains  for  every  ^2  ounces 
of  the  fpirit  employed.  Even  this  quan- 
tity depends  in  a great  meafure  on  the 
fulphureous  acid  llill  retained.  Thefe 
things  deferve  attention,  in  the  preparation 
and  adminifiratioii  of  the  modern  oil  of 
wine. 

“ Even  this  ether  may  ftill  be  improved  by 
agitating  it  well  with  i-20th  of  its  weight 
of  aqua  kali  puri,  and  diflilling  it  i]i  a heat 
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not  exceeding  ioo°.  The  portion  firft  drawn 
“ ofF and  amounting  to  3-4ths  of  it,  is  to,  be 
“ faved  apart  for  experimental  ufe.  What  fol- 
“ lows,  until  the  liquor  in  the  retort  fhews 
“ only  a thin  film  of  ether.  Is  to  be  referved 
“ for  inferior  purpofes,  although  it  be  purer 
“ than  ordinary  ether  made  with  fpirit  of  wine. 

It  is  to  beobferved  in  this  procefs,  that  the 
‘‘  changes  take  place,  not  at  the  lowefl:  tempe- 
“ ratiires  at  which  the  alkohol  and  acid  may  be 
made  to  mix,  but  at  the  higher  temperature 
neceflary  for  boiling  ; and  this  may  be  enu- 
“ merated  amongft  the  experiments  which 
lliew  the  agency  of  Caloric  in  combinations 
“ and  decompofitions  ; the  refid ue  of  the  de- 
“ feribed  produds  from  alkohol  and  fulphuric 
“ acid,  confiftlng  of  fulphuric  and  lulphureous 
“acid,  the  faline  Impurities  of  the  fulphuric 
“ acid,  and  a part  the  carbo  which  belonged 
“ to  the  fpirit.’* 

EXPERIMENT  IL 

After  a few  experimental  illuflrations  of 
atmofpheric  preffure,  and  of  the  elaflicity 
of  air,  and  of  the  ufe  of  Infiruments  by 
which  thefe  are  meafured  ; an  experiment 
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fimllar  to  that  defcrlbed  at  the  57th  page  of 
Mr.  Kerr’s  edition  of  Lavoisier’s  Elements 
of  Chemiftry,  was  exhibited. 

When  the  receiver  of  the  air  pump  had 
been  exhauOed  of  air,  and  the  mercury  in  the 
included  Barometer  had  funk  to  the  common 
level ; the  double  piece  of  bladder,  which 
was  faftened  on  the  mouth  of  an  ounce  mea- 
flire  cylindrical  glafs  veffel  perfe<5lly  filled 
with  fulphuric  ether,  was  pierced  and  cut 
afunder.  The  ether  immediatedly  began  to 
boil  and  to  be  changed  into  an  invifible  fluid; 
and  the  boiling  continued  until  the  receiver 
was  filled  with  the  fluid ; the  elafticity  of 
which  was  fufficient  to  prefs  up  and  fuftain 
a column  of  mercury  of  ten  Inches  in  height, 
at  the  temperature  of  45  degrees. 

The  remaining  ether  being  now  comprefled 
by  the  ethereal  gas,  with  a force  equal  to 
one-third  of  the  weight  of  the  atmofphere, 
no  longer  boiled  or  exhaled.  “ The  forces 
“ therefore  with  which  the  molecules  of 
“ ether  attract  Caloric  around  them,  to  form 
“ repellent  charges,  are  greater  than  thofe 
“ of  their  attractions' to  each  other,  at  this 
diftance  of  them  and  in  this  temperature, 
“ by  the  whole  weight  of  a ten  inch  co- 
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lumn  of  mercury  ; and  fo  much  preflion 
“ muft  co-operate  with  the  attraftloii  of  ag- 
“ gregatlon,  before  the  ethereal  molecules 
“ can  be  approximated  fufhciently  to  form 
ether  at  the  temperature  of  45  degrees. 

“ Former  experiments  have  Ihewn  that 
“ the  Chemical  principles  of  ether  feverally 
“ combine  with  Caloric,  and  retain  it,  in  their 
“ gaffeous  form,  under  the  greateft  known 
“ preffures,  and  in  the  loweft  known  tem- 
“ peratures.  They  have  alfo  fhewn  that 
“ thefe  principles  in  combining  exclude  a 
“ great  part  of  the  charges  of  Caloric  which 
“ they  held  in  their  feparate  ftate.  This  is 
“ moft  ftrongly  exemplified  in  the  formation 
“ of  carbonic  acid  gas  and  water. 

“ By  a general  law,  molecules  confiding 
“ of  combined  particles,  are  incapable  of  re- 
“ taining  all  the  Caloric  of  the  feparate  par- 
tides;  and  it  is  fcarcely  to  be  doubted 
“ that  the  Caloric  excluded,  during  the 
“ combination,  is  that  chiefly  which  be- 
“ longed  to  the  furfaces  by  which  the  par- 
“ tides  combine  ; fince  the  molecules  dill 
**  engage  charges  of  Caloric  around  them. 

In  ether,  thefe  charges  together  with  the 
“ Caloric  of  temperature,  are  fufficient  for 
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Its  expanfion  into  the  ftate  of  gas,  In  fhc 
“ clrcumftances  related,  but  not  under  at- 
“ mofpherlc  preffure. 

“ The  expanfion  of  the  ether,  and  the 
“ permanent  elafticity  of  its  gas  which  fup- 
ports  the  column  of  mercury,  fliew  that 
“ the  molecules  are  not  merely  diffufed  in 
“ Caloric  of  temperature,  but  are  carried 
“ away  from  each  other  by  atmofpheres  of 
“ Caloric  attached  to  them  ; and  the  follow- 
“ ing  experiment  will  fliew  that  the  re- 
“ ceding  molecules  can  engage  further  quan- 
“ titles  of  Caloric,  as  the  fpaces  between  them 
“ are  encreafed  during  the  further  expanhoa 
“ of  the  ethereal  gas.” 


EXPEPvIMENT  III. 

An  eight  ounce  glafs  tumbler,  containing, 
two  ounces  of  fulphuric  ether,  was  placed 
on  the  plate  of  a powerful  air  pump.  In 
this  tumbler  a thin  bottomed  bottle  contain- 
ing half  an  ounce  of  water,  Ifood  upright 
to  the  height  of  the  tumbler  ; and  the  mouth 
of  this  bottle  was  covered  wdth  a piece  of 
mold:  bladder,  to  prevent  the  fpray  of  the 

ether 
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ether  from  falling  into  it.  Clofe  by  this  bot- 
tle flood  a fmall  thermometer  in  the  ether. 

Over  thefe  a receiver  which  had  a fmall 
aperture  at  the  top,  was  placed ; and  over 
all,  a common  receiver  clofed  at  top  was  fix- 
ed on  the  plate,  in  order  to  avert  the  pref- 
furc  of  the  air  from  the  internal  veflels, 

during  the  a6lion  of  the  pump. 

As  fall  as  the  included  air  was  pumped 
away,  the  ether  boiled,  and  the  ethereal  gas 
expanded.  Filling  the  interior  receiver,  it 
pafled  through  its  aperture  at  the  top,  and 
then  between  it  and  the  external  receiver, 
from  which  it  was  pumped  out. 

The  temperature  of  the  air  of  the  labora- 
tory being  as  high  as  yo°  at  this  time,  tended 
flrongly  to  defeat  the  purpofes  of  this  experi- 
ment ; and  therefore  things  were  thus  con- 
trived, in  order  that  the  gas  of  the  compart- 
ment between  the  two  receivers,  fhould  en- 
gage the  Caloric  of  the  external  air,  and  be 
pumped  away  with  it,  inflead  of  being  per- 
mitted to  penetrate  to  the  internal  veffels. 

Counting  from  the  moment  when  the 
ether  began  to  boil,  the  mercury  in  the  ther- 
mometer funk  at  every  flroke  of  the  pump  > 
and  it  continued  to  fink,  the  water  In  the 
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tnean  time  freezing  fucceffvely  until  the 
whole  of  it  became  folid,  and  the  tempera- 
ture in  the  tumbler  was  17  degrees  below 
the  freezing  point  of  Farenheit. 

It  was  affirmed  by  the  Experimenter,  on 
'the  veracity  of  gentlemen  who  affilfed  in  the 
experiment  and  could  better  fee  the  fcale  of 
a fmall  thermometer,  that  in  frofty  weather, 
and  with  an  external  receiver  covered  with 
woollen  cloth,  the  temperature  may  thus  be 
reduced  to  forty  degrees  below  the  freezing 
point. 

Thefe  experiments  tend  with  many  others 
to  fhew  that  prelTure  contributes  eminently 
to  the  denfity  and  aggregation  of  divers  bo- 
dies, and  to  leffen  and  limit  their  quantities 
of  Caloric  ; and  that  particles  or  molecules 
already  combined  with  determinate  quantities 
of  this  fubtile  matter,  never  fail  to  compel 
more  of  it  into  a flate  analogous  to  that  of 
weak  combination,  when  the  dlflances  of  the 
particles  are  encreafed  to  admit  the  fuperadded 
Caloric. 

The  additional  Caloric  which  ether  fixes 
and  combines  during  the  expanfion,  is  fuffi- 
cient  to  raife  the  thermometer  from  the  15th 
to  the  70th  degree,  for  this  quantity  no 
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longer  fubiiHis  in  it  as  Caloric  of  temperature, 
from  which  it  is  withdrawn. 


EXPERIMENTS  IV.  V.  and  VI. 

Alkohol  tried  in  the  lame  way  afforded  the 
like  phenomena  and  inferences ; except  that 
the  clafficity  of  the  expanded  alkohol  was 
only  i-ioth  of  that  of  ether,  and  the  refrige- 
ration was  proportionally  fmaller.  When 
water  was  placed  in  the  fame  circumffances, 
the  elafliclty  of  its  vapour  was  only  one-fifth 
of  that  of  alkohol,  and  the  refrigeration  was 
confequently  much  lefs. 


EXPERIMENTS  VII.  VIII.  IX.  and  X. 

Thefe  experiments  having  been  formerly 
made  by  the  Experimenter,  a temperature 
of  the  fubje6ls  veffels  and  ambient  air, 
amounting  to  96°  or  a little  more,  the  heights 
of  the  mercurial  columns  fufialned  by  the 
expanded  gaffes  or  vapours  were  confiderably 
encreafed  if  not  doubled ; and  it  was  inferred 
that  as  the  denfity  and  preliion  of  the  Caloric 
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of  temperature  encreafcs,  the  molecules  or 
particles  of  vapours  and  gaffes  engage  greater 
charges  of  Caloric  around  them. 

“ Thus  the  preffion  of  Caloric  tends  to 
counteraft  that  of  the  atmofphere,  and 
“ may  be  made  to  balance  or  exceed  it.” 


EXPERIMENTS  XI.  XII.  XIII,  XIV. 

Brifk  ale  and  cyder  treated  in  the  fame  way, 
fwelled  and  frothed  exceedingly  during  the 
emiffion  of  their  carbonic  acid  gas,  fuf- 
tained  higher  mercurial  columns  than  any  of 
the  former,  and  generated  cold.  So  did 
ftrong  muriac  acid  by  the  expanfion  of  the 
acid  gas,  and  faturated  aqua  Ammonite  pu- 
r£  by  the  expanfion  of  the  ammoniacal  gas. 
Divers  other  infiances  of  the  eff*e(fts  of  pref- 
fure  and  of  the  contrary  effects  of  expanfion, 
were  enumerated;  and  divers  pradfical  appli- 
cations of  this  knowledge  were  made. 

In  the  recital  of  thefe  laff,  it  was  obferved 
that  Ethers,  volatile  acids,  ammoniacal  li- 
quors, and  all  fubjefls  eminently  volatile  by 
their  tendency  to  Caloric  and  the  gaffeous 
Ilate^  ought  to  be  dlftilled  under  the  full 
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preffure  of  the  air,  aided  by  clofe  lutings  or 
other  means  of  refiftance  to  their  expanfion  : 
and  in  the  diftillation  of  fpirits  and  eflential 
oils  which  are  injured  by  unnecelTary  aug- 
mentations of  temperature,  the  dill  ought  to  be 
fhallower,  and  the  beak  of  the  dill  head  and 
cavity  of  the  worm  wider  than  is  iifual ; in 
order  that  the  didillation  may  be  carried  on 
with  lels  pred’ure,  and  at  a lower  tempe-^. 
rature- 


EXPERIMENTS  XV.  XVI.  XVIL 

In  the  manner  of  LAvaisiER,  page  6o  of 
Kerr’s  edition,  a bottle  was  filled  with  an 
ounce  of  fulphuric  Ether,  and  in  its  mouth 
a glafs  tube  bent  like  the  letter  S was  infert- 
ed.  The  bottle  and  tube  were  plunged  into 
water  heated  to  104+  degrees.  When  the 
Ether  had  acquired  this  temperature,  it 
boiled,  and  with  the  Caloric  formed  an 
aeriform  fluid,  which  when  received  in  bot- 
tles which  flood  in  the  water  and  had  the 
fame  temperature,  remained  eladic  whlld 
this  temperature  fubfided,  but  at  lower  tem- 
peratures gradually  condeiifed  into  Ether ; 
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as  It  was  all  the  while  expofed  to  the  preffure 
of  the  air. 

As  Ether  may  be  made  to  boil  at  or  be- 
low Zero,  by  averting  the  prefl’ure  of  the 
atmofphere  firfl,  and  then  withdrawing  the 
Ethereal  gas,  which  next  prefles  on  it ; the 
comprefling  power  of  the  atmofphere  is  equal 
to  the  expanfive  power  of  about  103  or  104 
degrees  of  Caloric.  And  the  ordinary  boil- 
ing  point  of  Ether  is  that  at  which  the  quan- 
tity and  preflion  of  Caloric  of  temperature,  is 
fufficient  to  overpower  the  comprefling  forces 
and  thofe  of  the  aggregating  attraflions. 

By  flmilar  experiments  with  alkohol  and 
with  water,  in  the  manner  of  Lavoisier, 
the  heats  necefiary  for  their  boiling  and  for 
maintaining  the  volume  and  elafticity  of  their 
vapours,  under  atm'ofpheric  prefiure,  were 
fhewn  : And  as  the  vapours  condenfed  when 
each  was  cooled  a little  below  the  boiling 
point,  although  the  heat  was  flill  much  more 
than  would  be  fufficient  to  maintain  the 
vaporous  flate  in  veflels  averting  the  prefllire 
of  the  air,  the  inferences  formerly  expreffed 
were  applied  here. 
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EXPERIMENT  XVIII. 

The  efFefl  of  atmofpheric  preffure  on  fa-? 
turated  faline  folutions  was  exemplified  in  the 
following  experiment, 

A narrow  necked  glafs  mattrafs  capable  of 
holding  three  wine  gallons  of  water  was 
ground  flat  and  fmooth  at  the  mouth,  to  pre- 
rent  the  edges  from  cutting  the  flip  of  bladr 
der  which  was  to  be  tied  on  it.  The  mattrafs. 
was  fixed  in  a veflel  filled  with  water  fatura- 
ted  with  fea  fait.  One  hundred  and  forty 
four  ounces  troy  of  a vitriolated  Natron  per- 
feaiy  neutral  or  having  flight  excefs  of  Na- 
tron were  diflblved  in  a feparate  veflel  in 
96  ounces  of  water;  and  this  folution  w^as 
filtrated  into  the  mattrafs.  Before  the  whole 
had  paffed  through  the  filter,  the  faline  liquor 
in  which  the  mattrafs  flood,  was  made  to 
boil,  and  was  kept  at  this  temperature  to  the 
end,  in  order  that  the  fpace  above  the  folu- 
lution  of  vitriolated  Natron  in  the  mattrafs, 
fhould  be  fupplied  abundantly  with  vapour  to, 
expel  the  air  entirely.  A flip  of  wet  bladder 
was  now  quickly  tied  on  the  neck  of  the 
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mattrafs ; and  when  it  was  removed  from  the 
hot  brine,  another  flip  vvas  tied  on,  the  more 
effedlually  to  fuftain  the  preffnre  of  the  air. 

When  the  whole  was  cooled,  the  folutioii 
occupied  about  two-thirds  of  the  capacity  of 
the  mattrafs  ; the  remainder  was  void  of  air 
or  nearly  fo;  and  the  bladder  w^as  prefied  in- 
wards by  the  incumbent  air.  If  the  fpace 
above  the  fallne  liquor  be  fmaller,  greater 
care  is  iiecefTary  in  expelling  the  air  by  evapo- 
ration, and  in  tying  on  the  bladder. 

Two  equal  mattraffes  charged  and  flop- 
ped in  this  way,  flood  for  three  days  at 
temperatures  fluduating  between  40  and  50 
degrees,  and  were  often  in  this  lime  agitated 
without  yielding  any  cryftals. 

The  temperature  of  thefe  folutlons  and  of 
the  Laboratory  being  now  at  fixty,  the  cover 
of  one  of  the  mattralles  was  pierced  and  cut 
open  quickly  with  a knife;  and  inflantly 
as  the  prefl’ure  w’as  communicated  to  the  li- 
quor, a few  Imall  concentric  fpicular  cryflals 
were  formed,  which  (hot  rapidly  through 
the  liquor,  until  the  whole  became  confident, 
and  almod  folid.  The  Caloric  extricated  in 
the  mean  time  raifed  the  temperature  from 
60  to  90  degrees  in  every  part  of  the  (aline 
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mafs,  which  could  now  fupport  a mercurial 
thermometer,  wherever  it  was  placed. 

The  cover  of  the  fecond  mattrafs,  w’as 
then  pierced,  and  with  the  like  event.  Thus 
the  quantity  of  Caloric  extricated  and  expelled 
by  atmofpheric  prcflbre,  co-operating  with 
the  attraftion  of  the  dilfaiit  molecules  of  fait, 
was  thirty  degrees,  in  the  fait  and  water. 

“ An  experiment  of  this  kind  was  made 
“ ill  frofty  weather  laft  year  ; when  the 
“ temperature  of  the  faline  liquor  and  of  the 
“ laboratory  was  4.0  degrees,  a gentleman 
“ who  applied  the  thermometer,  faid  that  it 
“ flood  at  ninety  degrees  in  the  cryflallized 
“ mafs ; and  if  there  was  no  error  in  the 
“ obfervation,  the  extricated  Caloric  encrea- 
“ fed  the  temperature  of  the  water  and  fait 
“ by  50°.” 

Do61or  Latham  queflioned,  whether  the 
air  might  not  have  entered  the  folution  and 
produced  thefe  effeds,  independently  of  the 
prefTiire.  The  Experimenter  therefore  re- 
folved  to  try  the  prefllire  of  mercury  Inflead 
of  air,  as  foon  as  the  neceflary  inflruments 
fliould  be  provided.  The  firft  and  mod: 
fimple  of  thefe  fhould  be  a very  wide  and 
long  barometer,  heated  to  150  degrees,  and 
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admitting  a few  ounces  of  the  hot  folutlon  to 
be  paffed  through  the  heated  mercury  and  to 
j {land  above  it. 

I “ If  the  folutlon  when  cooled  to  40  de- 
grees  without  cryftallizing,  fliould  prefent 
! ‘‘  the  foregoing  phenomena,  in  confequence 

“ of  a flow  inclination  of  the  tube,  and  the 
“ fmallefl:  pofiible  agitation  of  the  liquor, 
“ Dr.  Latham’s  queflion  will  be  anfwered.’* 
It  was  obferved  that  divers  falts  treated  in 
the  fame  way,  with  their  due  quantities  of 
water,  prefent  the  like  phenomena. 

“ Water  alio  exhaufted  of  air,  and  placed. 
“ above  the  mercury  in  a large  barometer, 
“ and  cooled  two  or  three  degrees  below  the 
“ freezing  point,  without  fliewing  any  figii 
“ of  congelation,  foon  freezes,  after  the  prel- 
“ fure  of  the  air  has  been  redored  by  in- 
“ dining  the  barometer. 

“ Experiments  of  this  kind  fliew  the  de- 
“ fcribed  effecl  of  prellure  co-operating  with 
“ the  attradions  of  the  diftant  parts  of  the 
falts.  They  fliew  that  by  the  coalefcence 
“ of  thefe  parts,  a portion  of  the  Caloric 
“ which  interceded  them  is  forced  away 
“ from  its  hate  of  engagement  or  combina- 
tion  into  that  of  Caloric  of  temperature. 

“ The 
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“ The  experiments  in  which  cold  is  pro- 
“ ducible  by  folution  do  not  properly  be- 
“ long  to  this  place;  but  in  an  introduclioii 
“ of  this  kind  it  is  not  improper  to  announce 
“ in  general  terms,  that  in  all  inflances  of 
“ the  expanfion  of  bodies,  or  of  folutions,  in 
“ which  the  parts  attraftive  of  Caloric  are 
“ made  to  recede  from  each  other;  tlie  confe- 
“ quent  and  certain  produdlion  of  cold  Ihews 
“ that  bodies  which  attrad  Caloric  contain 
it  in  two  Hates  ; a part  being  more  or  lefs 
“ intimately  combined,  the  remainder  in 
“ the  Hate  of  Caloric  of  temperature. 

“ To  conclude  thefe  obfervations  which 
“ are  merely  introdudory,  concerning  Ca- 
“ loric,  the  following  remarks  are  to  be 
“ made. 

“ As  the  dimenfions  of  bodies  decreafe 
“ with  their  Caloric  of  temperature,  which 
“ cannot  be  entirely  withdrawn  from  them 
“ in  any  pradicable  refrigeration  ; it  is  not 
“ at  all  probable  that  the  natural  parts  which 
“ conftitute  an  aggregate,  are  ever  in  a Hate 
“ of  abfolute  contacl.  On  the  contrary  the 
“ optical  and  divers  other  phenomena  Hievv 
“ that  the  fpaces  in  bodies  are  much  greater 
than  the  folid  matter  of  them,  and  that 
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a certain  proximity  of  parts,  at  which  the 
aggregating  and  expanding  powers  are 
“ balanced,  is  competent  to  the  ftate  of  com- 
binatlon  and  aggregation. 

“ Therefore  abfolute  contad  Is  neither 
implied  nor  necefliiry  in  the  Chemical 
“ combinations  of  the  groffer  parts  of  bodies 
“ or  in  the  combinations  of  Caloric.  The 
“ term  combination  expreffes  a connexion  or 
‘‘  condition  maintained  by  attradlion,  and 
“ capable  of  altering  the  agency  and  ordi-^ 
“ nary  charaders  of  the  things  connedcd  or 
combined.  Such  are  the  cotnhinalions  oj^ 
“ Caloric. 

It  is  fufficient  for  our  prefent  purpofe 
“ thus  to  announce  thefe  charaders  of  Calo- 
“ ric,  and  to  imprefs  them  on  our  minds  by 
the  eafiefl  experiments.  It  Is  after  a due 
conlideration  of  the  means  of  meahuring 
“ temperatures  and  quantities  of  Caloric, 

“ that  the  mod  decifive  proofs  of  the  agen- 
cy and  flate  of  this  matter  in  bodies, 
ought  to  be  produced,’* 


Mr* 


MINUTES 


OF  THE 

SIXTH  MEETING, 

O N 

Saturday,  March  i,  1794. 


PROPOSITION. 


Analyjis  and  Synthcjis  of  Atmofphcrlc  Air  A 

Aft  ER  a general  defcription  of  the  na- 
tural and  artificial  procefles,  in  which  divers 
lubflances  are,  in  continued  fucceffion,  refolv- 
ed  into  the  Rate  of  gaffes,  and  mixed  with 
the  air ; the  Experimenter  adverted  to  the 
iiiRruments  and  powers  by  which  mofl:  of 
thefe  gaffes  and  vapours  are  fpeedlly  with- 
drawn from  it,  and  the  common  mafs  of 
circulating  air  is  made  to  confift  almoft  en- 
tirdy  of  two  elaflic  fluids,  namely  the  Azotic, 
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and  Oxygenous,  which  muft  meet  pecirHaf 
fubje£ts  and  circumftances,  before  they  return 
to  the  common  terraqueous  mafs,  or  combine 
with  each  other,  to  the  exclufion  of  Caloric. 
“ Avoiding  local  impregnations  and  con- 
taminations  of  air,  we  find  the  proportion  of 
“ the  azotic  to  the  oxygenous  gas,  to  differ 
“ very  little  ; whiifl;  the  aqueous  gas  diffu- 
fed  in  it,  varies  with  the  temperature  and 
“ other  clrcumflances. 

“ It  is  not  to  be  admitted  that  the  aqueous 
**  matter  is  held  in  air  in  a (late  of  folution 
“ or  combination  ; for  divers  experiments 
“ fhew  that  its  gaffeous  fi:ate  depends  on  its 
“ proper  Caloric,  by  which  its  parts  are  kept 
“ diftindt  from  thofe  of  air.” 

To  explain  this  fubjedt,  it  was  fhewn  that 
the  lightefl:  fubfiance  covering  the  mouth  of  a 
bottle  filled  with  muriatic  acid,  or  with  aqua 
Ammonite  purje,  was  fufficient  to  prevent  the 
exhalation  of  either ; becaufe  this  cover  fuf- 
tained  the  preffure  of  the  air,  and  communi- 
cated the  whole  of  it  to  the  liquors.  But 
when  the  covers  were  removed,  each  bottle 
exhaled  gas  copioufly,  and  a thick  white 
fmoke  appeared  where  the  gafles  met  and 
formed  a fait. 
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Ether  ia  like  manner  is  detained  by  thd 
“ lighteft  covering,  but  efcapes  rapidly  from 
“ uncovered  vefTels. 

“ Many  experiments  of  this  kind  might 
“ be  made  to  (hew  that  liquors  openly 
“ expofed  to  the  air,  if  they  be  dlfpofed  to 
“ aflume  the  vaporous  or  gafleous  ftate,  will 
“ efcape  through  its  interftices,  inftead  of 
fuftaining  its  full  preffure. 

“ In  the  ordinary  temperatures  and  pref- 
fures,  water  maintains  its  form,  fo  long  as 
“ any  impervious  fubftance  ftands  between  it 
“ and  the  air  and  imparts  the  atmofpheric 
“ preffure.  But  water,  whofe  furface  is  free- 
“ ly  expofed  to  air  which  is  in  motion,  and 
“ is  pervious  to  any  gas,  is  as  much  at  liber- 
ty  to  form  aqueous  gas,  as  it  is  when  a 
“ confiderable  part  of  the  atmofpheric  pref- 
“ fure  is  averted. 

“ Thus  aqueous  molecules  charged  with 
“ Caloric  are  continually  diffu fed  in  the  air, 
“ and  in  a Bate  from  which  the  atmofpheric 
preffure  cannot  compel  them  to  form  wa- 
ter:  becaufe  this  prefiure  is  fuBained  by  the 
“ two  permanently  elaBlc  fluids  in  which  the 
“ diBant  aqueous  molecules  are  poifed. 

Thcfc  particulars  and  a fmall  quantity  of 
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Carbonic  acid  gas  wafted  in  the  air,  are  to 
“ be  obferved  in  many  experiments  ; but  in 
thofe  which  follow  we  may  chufe  air  in 
“ which  thefe  bear  too  fmall  a proportion, 
“ to  merit  our  prefent  attention  ; and  there* 
“ fore  we  may  coniider  it  as  a mixture  of 
“ azotic  and  oxygen  gaffes  which  are  fepa- 
“ rable  from  each  other  by  various  means, 
“ a few  of  which  are  now  to  be  /hewn.”  ‘ 


EXPERIMENT  I. 

Mercury  was  boiled  for  three  weeks  In  a 
veffel  open  to  the  air,  in  order  to  form  it  into 
the  oxyd  commonly  called  Hydrargyrus  Cal- 
cinatus  ; and  in  the  mean  time  the  alphabe- 
tical and  numerical  books  of  the  labora- 
tory were  referred  to  for  the  neceflary  in- 
ftrudtions,  a few  of  which  are  fubjoined  in 
conformity  with  a general  order  of  the  com- 
mittee of  publication. 

The  bottom  of  the  glafs  veffel  containing 
the  mercury  ought  to  be  perfedlly  flat  in 
order  that  the  fmaller  quantity  of  mercury 
may  cover  it  entirely,  the  diameter  being 
no  lefs  chan  ten  inches,  and  the  perpendicular 

tube 


tube  which  is  continued  from  the  flat  coni- 
cal body  having  i-^th  of  the  diameter  of 
the  bottom,  and  the  length  of  two  feet. 
This  length  prevents  the  efcape  of  mercu- 
rial vapour,  and  this  diameter  admits  the 
necefl'ary  circulation  of  air.  Over  the  mouth 
of  the  tube  a fmall  funnel  ought  to  be  fuf- 
pended  to  prevent  the  entry  of  dufl:  from  the 
air.  The  bottom  of  the  veflfel  ought  to  ftand 
parallel  with  the  horizontal  plate  of  a fand 
bath,  and  an  inch  from  it,  on  a bed  of 
coarfe  fand,  which  ought  to  be  heaped 
around  the  veflel,  and  to  flope  upon  its  coni- 
cal part,  fo  as  to  cover  it  near  the  circum- 
ference, to  the  height  of  twm  inches  or 
more ; but  ought  not  to  cover  the  narrow 
part  which  joins  with  the  upright  tube,  for 
there  the  progrefs  of  the  evaporation  ought 
to  be  feen. 

A boiling  heat  is  to  be  continued  whllfl;  the 
mercurial  vapour  is  found  to  rife  and  con- 
denfe  in  the  tube  and  trickle  down  its  fides, 
but  no  greater  heat  is  to  be  ufed.  When 
thefe  appearances  ceafe  the  tube  retains  a 
film  of  mercury  which  filvers  it  and  remains 
undifturbed.  The  oxyd  now  formed  is  not 
all  perfeflly  equal,  and  cannot  be  taken  out 
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t>f  the  veffel  without  Ibme  agitation  which 
throws  into  it  mercurial  globules  from  the 
film.  It  is  therefore  to  be  placed  in  a dial- 
low  earthen  didi  in  a muffle,  there  to  be  heat- 
ed gradually  and  equally  at  the  lurface  as 
well  as  the  bottom,  until  it  becomes  uniform 
in  colour  and  pure,  in  a heat  not  exceed- 
ing 600°.  The  produdl  is  called  oxyd  of 
mercury  by  calcination,  to  didingiiiffl  it  from 
that  which  is  prepared  by  the  nitric  acid, 
more  conveniently  and  equally  fit  for  expe- 
rimental ufe. 

The  fmaller  the  wade  of  mercury  is  In 
this  operation  the  nearer  will  be  the  weight 
of  the  oxyd  to  that  of  the  metal  as  8 to 
But  in  general  the  former  is  to  the  latter  as 
y.8  to  7 after  fubtradling  the  uncalcined  mer- 
cury* 

experiment  li. 

The  inftruments  defcribed  by  Lavoisier 
for  oxydating  mercury  in  a determinate 
quantity  of  atmofpheric  air,  and  afcertaining 
the  abfolute  quantities  of  its  azotic  and  oxy- 
genous principles,  were  found  inconvenient, 
and  incompetent  to  thefe  purpofes* 
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Therefore  afliallow  half  pint  retort  having 
its  bottom  flatted  and  its  neck  drawn  out  to 
the  length  of  15  inches,  was  provided. 

A glafs  funnel  capable  of  holding  two  wine 
quarts  was  bent  at  the  narrow  part,  fo  that 
the  idem,  which  was  nine  inches  in  length, 
formed  an  angle  of  80“^  with  the  axis  of  thi 
conical  part. 

The  tube  of  the  funnel  was  ground  into 
that  of  the  retort  with  fine  emery,  and  the 
capacity  of  the  vefiels  thus  joined,  was  af* 
eertained  in  cubic  inches,  by  the  weight  of 
water  which  they  held. 

The  veffels  being  well  dried,  the  flatted 
retort  was  charged  with  four  ounces  of  the. 
purefi:  quickfilver,  and  the  funnel  being 
joined  as  before,  they  were  faftened  together 
by  means  of  a wax  cement,  fuch  as  is  ufed 
by  the  makers  of  philofophical  inftruments. 

The  included  air  had  no  communication 
with  the  wax  ; becaufe  the  tubes  were  fitted 
by  grinding,  and  the  wax  was  ufed  only  for 
the  fecurity  of  the  juncture  and  of  the  po- 
fition  of  the  veffels. 

When  the  retort  was  placed  on  the  fand, 
where  it  was  to  be  heated,  its  neck,  inftead 
ef  being  inclined  as  is  ufual  in  diftillations. 
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was  elevated  fo  far  as  to  caufe  the  mercury 
which  might  rife  into  it,  to  trickle  back  into 
the  body. 

In  order  to  condenfe  the  included  air,  and 
to  prevent  the  efcape  of  any  part  of  it  during 
the  dilation  of  the  air  and  mercwry  in  the  re- 
tort, a weight  of  ten  pounds  was  placed  on 
the  curvature  of  the  funnel,  fo  as  to  deprefs 
its  mouth  in  a deep  trough  of  mercury. 

The  whole  might  be  well  reprefented  by 
luting  two  flat  bottomed  retorts  together,  lb 
that  their  bottoms  fhould  be  almoftin  the  fame 
plane;  and  then  cutting  off  the  bottom  of 
that  whofe  neck  enters  the  other. 

Thefe  things  being  prepared,  the  time 
chofen  for  including  the  air  in  the  veflels 
was  when  the  barometer  flood  at  29.84+  and 
the  temperature  of  the  laboratory  was  lower- 
ed to  54.5°. 

The  charge  of  mercury  was  boiled  Incef- 
fantly  for  fourteen  days:  during  which  time 
the  mercurial  vapour  which  rofe  into  the 
neck,  to  the  length  of  three  or  four  inches, 
trickled  back  into  the  charge  as  fafl  as  it  was 
condenfed. 

If  the  veflels  had  been  immoveably  fixed, 
this  experiment  could  not  have  anfwered 
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better  than  that  of  Mr.  Lavoisier,  except 
by  the  greater  compreffion  of  the  included 
air  : for  when  the  oxygen  of  the  air  in  the 
retort  which’  muft  be  fmall,  has  been  ex- 
pended, therehduary  azotic  gas  intercedes  the 
mercurial  vapour  and  the  air  in  the  funnel, 
through  the  whole  length  of  the  joined 
necks,  and  renders  the  total  expenditure  of 
the  oxygen  not  only  tedious  but  impracticable. 

But  as  the  funnel  flood  buoyant  in  the 
mercurial  trough,  every  depreffion  and  ele- 
vation of  it  had  the  effeCt  of  pumping  the. 
air  to  and  from  the  retort ; and  it  was  ac- 
cordingly moved  in  this  manner  often  every 
day,  during  the  14  days,  although  the  di- 
minution of  volume  feemed  to  ceafe  on  the 
fixth  day. 

When  the  mercury  had  boiled  for  a few 
hours,  a flight  film  obfeured  its  metallic 
luflre.  This  film  encreafed  gradually  until 
the  mercury  had  the  appearance  of  tarnifhed 
lead  ; and  in  lefs  than  48  hours  after  this  ap- 
pearance, fmall  cryflals  of  dark  brown  oxyd 
were  formed  on  the  furface. 

Thefe  encreafed  gradually  in  fize  until 
they  covered  the  whole  of  the  mercury  and 
at  laft  formed  a thick  friable  cruft  upon  it. 

When 
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When  the  veffels  were  cooled,  they  were 
fufFered  to  remain  in  this  pofition  until  .the 
barometer  which  was  rifing  had  arrived  at 
the  height  above  mentioned,  and  the  labora- 
tory was  cooled  to  54.5°.  Then  water  was 
introduced  into  the  funnel  to  deprefs  the 
mercury  ; and  the  veffels  being  firmly  faflened 
when  the  water  at  the  infide  and  outfide  of 
the  funnel  was  perfe(5lly  level,  the  funnel 
was  marked  with  a diamond  pencil  at  this 
level  in  eight  different  places  ; fo  that  by 
corking  the  neck  of  the  funnel  and  filling  it 
with  water  to  the  diamond  mark,  which  di- 
redled  the  proper  pofition  of  it,  the  additional 
quantity  of  water  which  it  could  hold,  might 
be  a correT  meafure  of  the  lofs  of  bulk  from 
the  airfirft  included,  and  confequently  of  the 
oxygen  gas  expended  in  the  oxyd. 

Previous  to  this  menfuratlon,  four  cubic 
inches  of  the  gas,  were  taken  out  with  due 
attention  to  temperature  and  preffure,  and 
were  delivered  into  a larger  cylindrical  veffel 
filled  with  fulphuret  of  lime  and  inverted  in 
it,  to  which  the  gas  was  fully  expofed  for 
two  days,  the  lurface  of  the  fulphureous  li- 
quor being  in  the  mean  time  often  agitated. 
The  gas  being  then  returned  into  the  mea- 
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fure,  was  found  to  be  very  little  diminiflied  in 
bulk,  and  not  more  than  might  juftly 
be  imputed  to  the  unavoidable  wafte  in 
pafling  through  a tenacious  liquor  into  the 
Jarge  cylinder  and  afterwards  into  the  mea- 
fiire. 

A lighted  taper  was  then  quickly  dipped 
in  this  azotic  gas,  and  was  inftantly  extin- 
guifhed.  What  remained  in  the  retort  and 
funnel  might  therefore  be  confidered  as  mere 
azot,  the  bulk  of  which  was  to  be  afcer- 
tained,  by  fubtrafling  the  meafured  bulk  of 
the  oxygen  gas  from  that  of  the  air  at  firfl 
employed. 

The  greater  part  of  the  azotic  gas  being 
withdrawn  from  the  funnel  was  referved  fot 
life. 

The  retort  being  cut  circularly  near  the 
helm  with  a diamond,  the  mercury  and 
oxyd  were  poured  into  a paper  funnel  which 
fuffered  the  former  to  pafs  off  in  a very  flen- 
der  ifream,  and  detained  the  latter.  The 
oxvd  which  adhered  to  the  fides  of  the  retort, 
to  the  height  of  two  inches  or  more  above 
the  furface  of  the  mercury,  and  there  form- 
ed a pellicle  and  ffreaks  of  fmall  cryjfals  of 
oxyd,  was  carefully  fcraped  off  with  a fharp 

knife. 
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knife,  and  added  to  that  in  the  paper  funnel. 
This  being  inverted  and  opened  on  fmooth 
paper,  the  mercurial  globules  which  it  en- 
tangled were  removed  with  due  care,  but 
flill  there  were  minute  globules  and  a mer- 
curial film  which  could  not  thus  be  feparated. 
Therefore  the  oxyd  was  fpread  on  a flat  piece 
of  porcelain,  and  placed  in  a muffle  well 
heated  to  600°,  where  the  mercury  evapo- 
rated in  two  or  three  minutes. 

If  the  oxyd  had  not  been  thus  fuddenly 
heated,  fome  of  the  mercurial  film  might 
have  been  oxydated  in  the  mafs  by  the  air; 
but  this  could  not  happen  to  mercury 
pafiing  off  in  vapour,  fo  as  to  encreafe 
the  oxyd  in  any  fenfible  degree,  in  fo  fhort 
a time. 

The  bulk  of  the  azotic  gas  and  oxygen  gas 
employed,  being  afcertaiued  in  the  manner 
above  mentioned,  and  the  weight  of  each  being 
calculated  according  to  the  method  of  La- 
voisier hereafter  to  be  explained,  the  pro- 
portion of  the  azotic  gas  to  the  oxygen  gas 
appeared  to  be  nearly  as  73  to  27  in  weight; 
which  is  the  proportion  afcertained  by  more 
accurate  experiments  than  that  in  which  he 
attempted  to  transfer  the  oxygen  of  air  to 
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mercury,  under  circumftances  highly  difad- 
vantageous. 

- It  is  furprifing  that  this  excellent  Philofor 

pher  (hould  not  have  adverted  to  the  true 

caufes  of  the  imperfe£lion  of  his  experiment, 

in  which  the  long  and  narrow  neck  of  his 

retort  was  an  impediment  to  the  neceffary 

circulation  and  mixture  of  the  air  of  the  re- 

fervoir  with  that  which  had  loft  its  oxygen 

gas  in  the  retort  ; and  in  which  the  prefture 

of  the  atmofphere  w'as  leftened  at  firft,  and 

daily  diminilhed  afterwards ; nothing  being 

done  in  the  mean  time  to  mix  the  cold  part 

ot  the  air  which  was  leaft  altei'ed,  with  the 

hotter  in  the  retort  which  had  delivered  its 

1 

oxygen  to  tiie  mercury. 

The  obftacles  on  which  he  reckons  arc 
The  mutual  adhefion  of  the  tw'o  conftltu- 
“ ent  parts  of  the  atmolphere  for  each  other, 
and  the  elective  attraflion  w'hich  unites  the 
“ bafe  of  vital  air  witli  Caloric  ; in  conle? 

quence  of  thefe,  wdien  the  calcination 
“ ends,  or  is  at  leaft  carried  as  far  as  is  pof- 
‘‘  fible  in  a determinate  quantity  of  atmof- 
“ pheric  air,  there  ftill  remain-s  a portion  of 
“ refpirable  air  united  to  the  mephitis  which 
‘‘  the  mercury  cannot  feparate,” 

Thi^ 
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This  reafoning  is  by  no  means  admiffible. 
The  particles  of  azot  and  oxygen  charged 
feverally  with  Caloric,  and  repelling  by  virtue 
of  thefe  charges,  can  have  no  adhefion  to  pre- 
vent the  oxygen  from  uniting  with  the  mer- 
cury; and  his  own  experiment  as  well  as 
this  of  the  fociety,  fhews  that  the  Caloric  of 
oxygen  gas  cannot  prevent  its  union,  or  to 
fpeak  more  flridlly,  the  union  of  its  bafe  with 
mercury  at  the  temperature  of  600.  The 
agency  of  high  temperatures  in  fuch  unions, 
is  to  be  confidered  in  its  proper  place. 

t 

EXPERIMENT  III. 

As  there  was  no  reafon  to  doubt  concern- 
ing the  experiment  of  Lavoisier  page  84,  in 
which  he  obtained  empyreal  air  or  oxygen 
gas,  by  heating  the  oxyd  thus  prepared  in 
dole  vellels,  it  was  deemed  unneceffary  to 
encounter  the  inconveniences  which  muft  at- 
tend fuch  an  operation  on  the  fmall  quantity 
produced  in  the  pfcfent  procefs  ; at  a time 
when  the  experiment  in  the  next  furnaceyield- 
ed  oxygen  gas  abundantly,  from  eight  ounces 
of  oxyd  of  mercury  by  calcination  in  a veflel 
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Open  to  the  air;  with  this  advantage,  that 
the  atmofpheric  air  of  the  flender  neck  of  the 
retort  and  of  the  interftices  of  the  charge 
had  been  compleatly  expelled,  before  the 
pure  oxygen  gas  was  faved  for  ufe. 

Such  properties  of  it  as  demanded  imme- 
diate attention  were  {hewn.  A taper  burned 
in  a pint  of  it  with  furpri{ing  fplendour  and 
rapidity,  in  comparifoii  with  the  flow  and 
ordinary  combuifion  in  air ; and  a bit  of 
reddened  charcoal  inlfead  of  burning  faintly 
and  foon  extinguithing  as  it  would  in  com- 
mon air,  fparkled,  crackled,  glowed  with 
great  brilliancy,  and  was  quickly  burned  outt 

EXPERIMENT  IV. 

The  azotic  gas  above  mentioned,  whofb 
properties  are  the  reverfe  of  thefe  in  regard  to 
combuftion  was  mixed  in  different  proporti- 
ons in  feparate  veflHs  with  this  oxygen  gas. 
In  a mixture  made  in  the  proportion  of  atmol- 
pherlc  air  above  defcrlbed,  thefe  combuftlons 
took  place  as  they  do  in  open  air.  In  fmaller 
proportions  of  the  oxygen  gas  the  combuifi- 
ons  were  more  languid ; and  as  the  oxygen 
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gas  was  made  to  predominate,  the  mixtiir« 
had  the  ftronger  efFe£l. 

“ In  general  the  oxygen  gas  is  the  only 
part  of  air  which  adts  in  the  combuftion  of 
“ bodies,  and  the  azotic  gas  is  perfe«^l]y  paf- 
“ -five,  or  an  impediment,  by  diluting  the 
former,  and  weakening  its  operation.” 

The  combination  of  Caloric  in  the  oxygen 
gas  and  combuftible  bodies,  and  the  extrica- 
tion  of  Caloric  and  Light  during  thefe  com- 
buflions  were  duly  noticed ; and  it  was  af- 
firmed on  grounds  of  analogy,  that  during 
the  oxydation  of  mercury,  a flow  combuflion 
'took  place,  and  the  combined  Caloric  was  de- 
tached in  great  quantity  from  the  oxgen  gas,  if 
not  from  the  mercury  ; but  not  with  velo- 
city fufficient  to  conflitute  light,  nor  in  fuch 
quantity,  at  fhort  intervals,  as  to  be  dlfco- 
verable  in  a mafs  whofe  heat  of  600°  >vas 
confounded  with  it. 


EXPERIMENT  V. 

In  obtaining  the  oxygen  gas  from  eight  oun- 
ces of  oxyd  of  mercury  prepared  by  calcina- 
tion, the  following  particulars  were  obferved. 

(C 
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, “ Every  mafs  which  has  interfllces  accef- 
“ fible  to  air,  a£ls  on  it  by  capillary  attradllon 
and  draws  into  thefe  interfiices  not  only 
“ as  much  of  the  air  as  equals  them  in  bulk, 
“ but  an  additional  quantity  condenfed  with 
the  former  by  virtue  of  the  capillary  at- 
“ tradion.  And  therefore  a retort  chareed 
with  oxyd  of  mercury  contains  not  only 
“ the  air  of  the  neck  and  helm,  but  may 
contain  twice  as  much  as  would,  in  the 
ordinary  flate,  fill  it. 

“ Therefore  the  retort  ought;  to  be  as 
“ fmall  as  the  charge  duly  packed  will  per- 
“ mit,  and  the  neck  as  (lender  near  the 
“ helm  as  it  can  be  made.  The  fire  being 
gradually  raifed,  a hot  bar  of  iron  ought 
“ to  be  approached  to  the  neck  in  order  to 
“ dilate  and  expel  the  air  from  it  ; and  the 
“ oxygen  gas  which  follows  when  the 
“ coating  of  the  retort  begins  to  redden, 
“ ought  not  to  be  confidered  as  pure,  until 
“ ten  meafures  each  equal  to  the  retort  in  ca- 
“ pacity  have  been  fuccefiively  filled.  The 
‘‘  middle  and  laft  portions  of  the  whole  oxy- 
gen  gas,  are  hill  to  be  held  as  the  purefi:, 
I'he  fize  of  the  water  trough,  and  the 
W’ater  employed  to  fill  the  bottles  fuccefi- 

“ fively. 
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“ fively,  before  they  are  inverted  on  the  fun- 
nelled  (helf,  ought  to  be  as  fmall  in  quan- 
‘‘  tity  as  is  podible ; that  which  ferves  for 
“ the  firft  and  fecond  pint  of  gas,  being  fuf- 
“ ficient  for  all  that  follow,  if  it  be  faved. 
“ With  thefe  precautions  water  which  has 
**  been  previoufly  boiled,  will  imbibe  lefs  of 
“ the  oxygen  gas,  and  furnifh  lefs  of  any 
“ other, 

“ The  beft  time  for  this  experiment  is 
“ when  the  temperature  of  the  place  maj 
“ eafilybekept  at  54.5°. 

“ The  bottles  ought  to  be  fo  far  filled, 
“ that  in  putting  in  their  glafs  floppies,  no 
-gas  fliall  be  excluded,  nor  any  confidera- 
“ ble  quantity  of  water  retained.  Being 
“ then  placed  with  their  necks  invert- 
“ ed  in  water,  they  will  prelerve  the 
“ oxygen  gas  unaltered  for  many  months. 
“ But  if  water  fliould  have  accefs  to  them, 
the  gas  will  foon  be  impure  ; for  the  oxy- 
“ genous  gas  which  the  water  imbibes  flow- 
“ ly,  is  gradually  delivered  into  the  open 
air,  efpecially  when  light  a£ts  on  them, 
“ and  the  place  of  the  oxygen  gas  is  fupplied 
“ by  azotic  gas  from  the  water. 

‘‘  The  doubts  concerning  the  compofitlon 

“ of 
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of  water  from  Hydrogen  gas  and  oxygen 
gas,  have  arifen  chiefly  from  inattention 
“ to  thefe  particulars. 

“ To  prevent  any  lofs  of  gas  during  the 
removal  of  a filled  bottle,  nothing  more  is 
“ neceflary  than  that  the  cavity  of  the  fun- 
“ nelled  fhelf  fhould  be  large  enough  to  hold 
“ two  ounce  meafures  of  gas,  and  that  the 
“ afliflant  fhould  flop  the  narrow  aperture 
“ with  his  finger  introduced  through  the 
V water  under  the  fhelf,  until  a frefh  bot- 
tie  is  placed  over  it. 

“ The  narrow  aperture  of  every  fhelf  of 
“ this  kind,  ought  to  have  a border  rifing 
a little  above  the  common  plane,  in  order 
“ to  deliver  the  gas  freely  into  the  bottle, 
when  it  is  inclined  a little  for  the  purpofc 
“ of  giving  a free  defcent  and  lateral  paflage 
to  the  water,  between  the  bottle  and  the 
fhelf.  ' 

“ This  method  of  menfuration  is  pre- 
ferable  to  that  by  the  gazometer  of  Lavoi- 
siER,  which  by  its  complex  mechanifm  is 
an  imperfedb  meafure,  and  by  the  great 
extent  of  metallic  furface  and  the  quantity 
of  water  which  it  prefents  to  the  gas,  is 
^ highly  exceptionable.** 


As 
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As  it  was  Intended  in  this  experiment  to 
certain  the  quantity  of  oxygen  in  this  oxyde, 
the  firft  pint  mcafures  to  the  number  of  five 
were  kept  apart,  and  the  middle  meafure 
of  the  remainder  was  alfo  referved.  This 
lafl:  appeared  to  be  pure  ; and  the  azotic  gas 
of  the  others  was  feparated  from  the  oxygen 
gas  by  fulphuret  of  lime,  and  duly  meafured. 
The  bulk  of  oxygen  gas  was  taken  at  tt, 
medium  of  54.5°  of  temperature  and  29.85 
of  preflure,  in  the  method  of  Lavoisier  ; 
and  its  weight  was  computed  by  the  fpecifie 
gravity  of  1.3562. 

This  compared  with  the  weight  of  the 
mercury  found  in  the  water  trough  and  in 
the  neck  of  the  retort  and  well  dried,  fliewed 
that  the  oxyd  confifled  of  feven  parts  of  mer- 
cury combined  with  lefs  than  one  of  oxygen. 
But  as  there  was  nowafte  of  mercury,  whilil 
fome  lofs  of  oxygen  gas  was  unavoidable  in 
confequence  of  its  expofure  to  the  water,  the 
proportion  of  feven  to  one  was  admitted. 

Thefe  experiments  afforded  both  analyti- 
cal and  fynthetical  illuffrations  of  the  com- 
pofitlon  of  atmofpheric  air.  The  oxygen  gas 
being  feparated  from  the  azotic,  and  more- 
over decompofed  whilfl  its  bafe  combined 

with 


( 112  ) 

with  the  mercury ; and  the  mixture  of  7^ 
parts  of  the  rehduary  azotic  gas  with  27  of 
the  like  oxygen  gas  being  found  to  recompofe 
atmofpheric  air. 


Converfatlons  now  arofe  concerning  Mr* 
Devaynes’s  queflion,  “ Whether  Caloric 
has  weight.”  But  as  the  Secretary  could  attend 
to  thofe  only  which  were  addreffed  to  the 
chair,  the  minutes  exprefs  no  more  than  that 
it  was  the  prevalent  opinion  that  by  analogy 
it  muft  be  a gravitating  fubftance.  For  as  It 
attradfs- divers  kinds  of  matter,  and  fuch  at- 
tra6lions  fubhft  generally  at  all  experienced 
dlflances,  but  with  diminhhed  energy  at  the 
greater  dlftances,  it  muft  gravitate  to  the  ter- 
raqueous mafs ; although  the  dired  proof 
may  be  difficult  or  impoflible  by  reafon  of 
the  fubtllty  of  its  parts,  and  of  the  imper- 
fedion  of  inftruments  for  weighing. 

Dr.  Latham  cxprefled  his  opinion  that 
Caloric  gravitates  : and  fupported  it  by  vari- 
ous arguments.  He  related  an  experiment 
with  vltriolated  Soda,  which  indicated  the 
affirmative  of  this  queftion. 


Mr. 
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Mr.  Young  objected  to  the  competency  of 
this  experiment ; and  oppofed  it  upon  gene- 
ral grounds. 

The  Experimenter  thought  that  Caloric 
gravitates;  and  exprelled  his  intention  of 
exhibiting  Dr.  Latham’s  experiment  in  a 
mode  that  would  be  free  from  the  objc(£llons 
made  by  Mr.  Young. 

Dr.  PoWEL,  in  confequence  of  a converfa- 
tion  on  the  fubje«5l  of  carbonic  acid  gas,  de- 
fired  that  the  following  queftion  fhould  be 
inferted  in  the  minutes,  for  future  confidera- 
tion. 

“ Does  carbonic  acid  gas  deftroy  animal 
life  by  the  exertion  of  any  noxious  power, 
or  by  the  exclufion  of  oxygenous  gas  from 
the  circulating  blood  ?” 

Some  gentlemen  obje(f(;ed  to  the  term 
aqueous  gas,  thinking  that  the  word  gas 
ought  to  be  appropriated  to  fluids  perma- 
nently elaftic.  But  others  thought  It  admlf- 
flble  for  the  reafon  afligned  by  Lavoisier, 
and  efpecially  in  the  circumflances  In  which 
the  vapour  is  not  condenfible  into  water,  by 
atmofpheric  preflTure. 

H ;MI- 
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Saturday,  March  15,  1794. 


“ Analyjii  and  Synihejts  of  Atmofpheric 

EXPERIMENT  I. 

An  inftrument  fimilar  to  that  of  the  fecond 
experiment  of  the  laft  meeting,  was  fupported 
at  the  junaure,  fo  that  the  retort  which  con- 
tained four  ounces  of  ftrong  folution  of  ful- 
phuret  of  lime,  might  be  agitated  without 
inconvenience,  and  the  funnel  might  alfb  be 
moved  in  the  mercury  to  pump  the  included 
air  to  and  from  the  retort. 

As  the  fulphuret  foon  imbibed  oxygen  at 
the  furface  and  formed  a pellicle  of  calcareous 
fait,  which  ftanding  between  the  oxygen  gas 
of  the  air  and  the  fulphuret,  prevented  any 

further 
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further  abrorptlon ; this  pellicle  was  fre- 
quently broken  by  agitation,  which  alfo 
ferved  to  fpread  the  liquor  over  the  Tides  of 
the  retort,  and  to  prefent  it  with  a more  ex- 
tenlive  Turface. 

In  the  courfe  of  twelve  hours  the  volume 
of  the  air  was  confiderably  diminilhed,  and 
for  two  days  it  continued  to  lelfen,  but  more 
flowly;  the  quantity  of  calcareous  fait  depo- 
rted on  the  Tides  of  the  retort  and  in  the 
liquor  encreafing  all  the  while.  In  the  courfe 
of  five  days  the  whole  of  the  oxygen  gas  or 
of  its  bafe,  was  depofited  in  the  contents  of 
the  retort,  the  azotic  gas  remaining  unaltered. 

This  was  proved  by  its  bulk,  which  was 
alcertained  by  marks  on  the  funnel  in  the 
manner  formerly  defcribed,  and  alfo  by  trials 
of  its  purity. 

Had  It  been  Intended  to  meafure  the  quan- 
tity of  oxygen  neceffary  towards  the  forma- 
Uon  of  a given  quantity  of  fulphur  and  lime, 
into  fulphuret  or  fulphite  of  lime,  a flop 
cock  ought  to  have  been  inferted  in  the  fun- 
nel at  its  curvature,  through  which  all  the 
azotic  gas  of  the  funnel  might  be  forced  out, 
by  deprefling  it  in  the  mercury.  But  this 
azot  was  removed  by  raifing  the  funnel 
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out  of  the  mercury,  and  blowing  in  it,  after 
its  narrow  neck  had  been  flopped  with  a 
cork. 

..  The  cork  being  removed,  the  funnel  now 
filled  with  frefli  air,  was  placed  in  its  former 
iituation  ; and  by  a continuation  of  the  pro- 
cefs  above  deferibed,  the  fucceflive  portions 
of  air  underwent  the  fame  changes,  until 
the  liquor  which  was  quite  yellow  had  depo- 
fited  the  calcareous  fait,  of  which  water  can 
diflolve  very  little,  and  the  w'ater  now  freed 
of  fulphur  and  lime  became  colourlefs. 

Thus  the  oxygen  of  any  quantity  of  air 
may  be  fuccefi'ively  withdrawn  from  it. 

In  preparing  fulphuret  of  lime  with  one 
part  of  flowers  of  fulphur,  three  of  flone  lime, 
and  thirty-two  or  more  of  dlflllled  water, 
the  fulphur  is  to  be  firfl  ground  with  a little 
water  and  diffufed  in  the  remainder;  and  the 
lime  broken  into  fmall  fragments  is  to  be  ad- 
ded. A glafs  mattrafs  charged  with  thefe 
up  to  the  narrow  part,  and  flopped  with  a 
cork,  is  to  be  placed  in  hot  land,  and  very 
often  agitated  during  an  hour’s  fimmering, 
to  prevent  the  adhefion  of  the  fulphurated 
mafs  to  the  bottom.  The  liquor  foon  clears 
by  cooling  and  fubfidlng,  and  undergoes  no 

change. 
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change,  lb  long  as  the  column  of  azotic  gag 
in  the  long  neck  of  the  m'attrafs  is  retained. 


EXPERIMENTS  II.  III. 

Sulphuret  of  Pot-afli  and  Soda  applied  to 
air  in  the  fame  way  produced  the  like  elfe»^>, 
towards  the  ablIra(flion  of  its  oxygen  gas ; 
but  in  the  ule  of  thefe,  the  lalts  formed  were 
more  Ibluble  and  confequently  remained  dif- 
folved  in  the  water  until  the  filiiie  liquors 
were  reduced  by  evaporation,  fo  far  as  to  de- 
polit  cryftals  in  cooling. 

In  making  either  of  thefe  fulphurets,  the 
cauftic  alkaline  liquor  weighing  lixteen  ounces 
troy  for  each  pint,  ought  to  be  boiled  with  a. 
little  more  fulphur  than  it  can  dillblve,  and 
with  the  precautions  obferved  in  the  prepa- 
ration of  fulphuret  of  lime. 


EXPERIMENT  IV. 

Eight  ounces  of  frefli  and  bright  iron  filings 
of  the  finer  fort,  were  mixed  with  three  of 
flowers  of  fulphur,  and  formed  quickly  into  a 
pafle  with  water  in  a w^arm  mortar.  The' 
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mafs  was  flatted  to  the  thigknefs  of  an  inch 
or  more  on  a porcelain  plate,  and  the  cubic 
meafure  of  thefe  was  taken.  The  plate  was 
placed  on  a flender  pedeftal  which  ftood  in  a 
trough  of  water  fo  astofuftainthe  plate  at  the 
height  of  feven  inches  above  the  water.  A 
large  round  bottomed  bell-glafs  meafuring 
more  than  two  gallons  and  graduated,  was 
placed  over  the  pafte,  fo  as  to  include  feven 
quarts  of  air  around  it,  and  about  a quart  of 
water  below  it.  Thus  the  Included  air  might 
be  dilated  confiderably  without  efcaping. 

The  glafs  was  then  preffed  by  a weight  to 
the  bottom  of  the  trough,  and  fecured  frorn 
rifing  during  the  dilatation  of  the  included  air. 

In  confequence  of  the  compounded  affini- 
ties of  the  ingredients  thus  applied  to  each 
other,  and  of  their  tendency  to  form  martial 
vitriol,  now  named  fulphat  of  iron,  the  pafle 
was  heated  in  a few  minutes  by  the  Caloric 
extricated  during  the  union  of  the  oxygen 
of  the  air  with  the  fulphur  and  iron,  fb  as  to 
dilate  the  included  air  confiderably : and  the 
aqueous  vapour  ifl’ulng  in  the  mean  time  from 
the  heated  pafle,  increafed  the  dilatation,  un- 
til the  water  was  almofl  entirely  expelled  out 
of  the  beli-2:lafs. 


When 
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When  the  volume  of  thefe  was  confidera- 
bly  leflened  by  cooling,  as  well  as  by  ths 
fiibdudlon  of  oxygen  gas,  the  jar  was  often 
agitated  during  two  da)'S,  without  diflurbing 
the  pedeftal,  in  order  that  none  of  the  oxygen 
gas,  however  diluted  by  azotic  gas,  might 
efcape  the  aflion  of  the  pafte. 

The  plate  of  pafte  being  withdrawn 
through  the  water,  the  azotic  gas  was  mea- 
fured,  with  due  attention  to  the  temperature 
and  atmofpheric  preflure;  and  its  quantity 
was  found  to  be,  to  that  of  the  air  employed, 
and  to  the  oxygenous  part  depofited,  nearly  in 
the  proportions  afcertained  in  former  experi- 
ments. 

Previous  to  this  menfuratlon  of  the  azotic 
gas,  it  was  fully  expofed  to  lime  water  for 
five  or  fix  hours,  the  latter  being  often  agi- 
tated to  promote  the  abforption  of  any  ful- 
phureous  gas  and  Carbonic  acid  gas,  with 
which  the  azotic  gas  thus  procured,  is  apt 
to  be  impregnated. 

In  confequence  of  the  exhalation,  the  pafie 
became  firm  and  bore  the  paflage  through 
the  water  without  wafte.  But  being  thus 
wetted,  it  prefently  fhewed  by  its  fmell  and 
incalefcence  that  the  frefli  air  renewed  the  ac- 
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tion.  It  was  therefore  placed  in  the  veflel  of 
air  as  before,  where  it  a(2;ed  in  the  manner 
already  defcribed  ; and  afterward  renewed  its 
adion  a third  time. 

It  was  obferved  that  a mixture  of  this 
kind  when  duly  fupplied  with  air  and  moif- 
turc,  forms  martial  vitriol : Sulphurated  iro4 
requiring  oxygen  only  to  produce  this  fait. 

It  was  imputed  to  the  velocity  of  this  ab- 
forption,  and  the  quick  expulfion  of  Caloric 
from  the  gas,  that  the  temperature  was  lb 
much  augmented  ; and  the  flow  progrefs  of 
fimilar  decompofitions  of  oxygen  gas  in  the 
former  experiments,  was  mentioned  as  the 
impediment  to  any  fenfible  incalefcence  ; the 
Caloric  fo  flowly  extricated  being  confounded 
with  that  of  the  temperature  of  the  place. 

Dr.  Priestly  haying  obferved  many  years 
ago  that  inflammable  gas  might  be  obtained 
from  iron  and  fulphur  pafte  expofed  to  air  in 
clofe  veflels ; the  Experimenter  mentioned 
the  circumftances  in  which  the  produdfion 
of  fuch  gas  may  be  promoted  or  prevented  : 
and  confidering  it  as  a part  of  his  duty  to  point: 
out  fuch  experiments  as  are  dangerous,  he 
related  the  following  accident  which  hapr 
pened  in  this  place  in  the  year  1775. 
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Having  found  a glafs  mattrafs  whicli  was 
unfit  for  ordinary  ufes,  on  account  of  its  ex-^ 
treme  weight  and  thlcknefs,  he  filled  the 
body  of  it  with  about  half  a pint  of  pafic 
jnade  with  four  parts  of  iron  and  one  of  ful- 
phur ; and  when  the  pafie  was  rammed  down, 
he  drained  off  the  fuperfluous  water.  Then 
filling  the  neck,  which  was  twelve  Inches  in 
length,  with  mercury,  he  inverted  its  mouth 
in  a bafon  of  mercury.  Knowing  that  fuch 
pafte  would  fwell  confiderably  in  air,  he 
wifhed  to  fee  what  would  happen  to  it  when 
air  was  excluded  ; water  being  then  confider- 
ed  as  a fimple  and  difiinft  element.  He 
however  took  the  precaution  of  placing  the 
vefiTelin  a hollow  cylinder  of  thick  plate-iron, 
on  which  he  laid  a flat  plate  which  might 
eafily  be  removed  vyhen  he  wifhed'to  view  the 
yefifel. 

The  change  of  colour  which  takes  place  In 
a few  minutes  wdien  a pafie  of  this  kind  is 
expofed  to  air  or  oxygen  gas,  proceeded  very 
(lowly,  but  was  eafily  vifible  on  the  fecond 
day.  A depreffion  of  the  mercurial  column 
was  looked  for,  but  did  not  take  place  on  the' 
third  or  fourth  day,  when  it  was  difcovered 
that  the  pafie  had  dried  at  the  furface  of  the 
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mercury  and  had  choaked  the  neck  of  the 
mattrafs. 

No  expe£i:atIons  being  now  entertained, 
the  experiment  was  negle«5ted. 

• On  the  third  or  fourth  day  after  the  laft 
obfervation,  the  Experimenter  being  fortu- 
nately engaged  at  the  moft  diftant  part  of  the 
Laboratory,  the  mattrafs  burft  with  a dread- 
ful expldfion  ; the  iron  plate  which  covered 
the  mouth  of  the  cylinder  in  which  it  flood, 
was  blown  off,  and  the  fragments  of  the 
glafs  which  flruck  upon  wood  were  fixed 
in  it. 

At  that  time  no  fatisfa<flory  explanation  of 
the  phenomenon  could  be  given;  but  the 
difcoverles  flnce  made,  afford  the  following 
folution. 

In  this  confined  flate  of  the  pafle,  the 
exhalation  of  its  water  was  prevented ; and 
there  being  no  air  to  furnifli  oxygen  freely, 
that  of  the  water  was  attracted  and  combi- 
ned. The  hydrogen  of  the  water,  now  un- 
reflrained,  engaged  Caloric  to  form  hydrogen 
gas,  which  at  a certain  degree  of  accumula- 
tion and  elaflicity,  burfl  the  veflel. 
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EXPERIMENT  V. 

In  experiments  like  thofe  lately  menti- 
oned,  various  impediments  concur  to  retard 
“ the  abforptlon  of  the  oxygen  and  the  extri- 
“ cation  of  the  Caloric.  One  of  thefe  arlfes 
“ from  the  dlfperfion  of  the  oxygen,  in  a tri-* 
“ pie  quantity  of  azote  at  firfi:,  and  in  a 
much  greater  relative  quantity  after- 
“ wards. 

. “ In  this  latter  clrcumftance  the  oxyge- 
“ nous  parts  are  the  more  w^eakly  drawn 
“ from  the’ fluid  as  they  are  diftant  from  the 
“ attracting  body  ; and  their  efforts  to  ap- 
“ proach  it  are  refifted  by  the  inertia  of  all 
“ the  interceding  azotic  gas. 

“ This  impediment  is  to  be  avoided,  when 
**  we  wifh  to  fliew  the  decompofition  of 
“ oxygen  gas  and  the  liberated  Caloric  moff 
“ advantageoufly,  as  in  the  following  expe- 
“ riments,  which  no  one  can  view,  and  con- 
“ template  with  an  unprejudiced  mind,  with- 
“ out  being  perfuaded  that  Caloric  fublifts  in 
“ bodies,  in  great  quantity  and  in  a (late  of 
“ perfect  combination.” 


The 
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The  vivid  and  rapid  combuftioii  of  iron 
wire  ia  oxygen  gas,  in  the  manner  of  Dr. 
Ingenhouz,’ which  is  well  defcribed  by  La- 
voisier in  the  87th  page  of  Mr.  Kerr’s 
Englilb  edition,  was  (hewn  on  a large  fcale. 

The  tinder  which  ferved  to  light  the  ex- 
tremity of  the  coil  of  wire,  was  agaric  well 
beaten  and  foaked  in  a folution  of  falt-petre, 
and  then  beaten  and  dried.  Such  tinder  may 
be  had  of  the  Tobacconifts. 

The  drops  of  melted  iron  and  liquid  oxyd 
which  fell  from  the  conical  coil  of  wire  on 
the  bottom  of  the  bottle,  and  even  funk  in- 
to the  glafs,  broke  it  before  the  combuftion’ 
ceafed. 

A better  apparatus  being  ready  the  experi- 
ment was  repeated. 


EXPERIMENT  VI. 

A bottle  open  at  the  bafe  and  covered  at 
the  mouth  with  a double  piece  of  bladder, 
was  charged  with  three  pints  of  oxygen  gas 
procured  from  oxyd  of  mercury  by  calcina- 
tion, and  was  placed  on  the  fhelf  of  a trough 
filled  with  mercury.  A circular  plate  of  iron 
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being  paffed  through  the  mercury,  rofe  above 
it,  and  covering  its  furface  within  the  bottle, 
flood  even  with  the  furface  of  the  mercury 
in  the  trough.  The  gas  occupied  only  4’5ths 
of  the  capacity  of  the  veflel,  left  any  of  it  fhould 
be  expelled  during  the  expanfioii  which  was 
expelled. 

The  proper  ftopper  of  this  veflel  was  pro- 
vided with  a mortoife-hole  in  which  the  iron 
wire  was  faftened. 

The  wire  was  of  the  fineft  kind  ufed  in 
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barpficords,  and  was  twifted  fpirally  to  form 
a coll  eafily  accelfible  to  air  in  all  parts,  a 
quarter  of  an  inch  in  diameter  at  the  bafe  next 
the  ftopper,  and  tapering  downwards  to  the 
length  of  four  inches  to  the  point  at  which 
the  tinder  was  fixed.  This  being  lighted, 
the  ftopper  was  quickly  introduced  into  the 
veflel  containing  the  oxygen  gas,  at  the  in^ 
ftant  when  the  afliftant  had  Hidden  away  the 
piece  of  bladder  which  flopped  it. 

In  this  way  of  proceeding  no  atmofpheric 
air  could  enter  whilft  about  half  a cubic  inch 
of  heavier  oxygen  gas  was  prefl'ed  out  of  the 
neck  by  the  ftopper  and  wire. 

As  the  gas  expanded  and  deprefled  the 
mercury  during  the  firft  moments  of  the 
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Combuflion;  the  Experimenter  holding  thi 
mouth  and  ftopper.  Aid  the  veffel  from  the 
fhelf,  and  prefled  it  into  the  mercury  as  fafl: 
as  the  gas  was  confumed ; the  heat  in  the 
mean  time  compelling  him  to  place  a piece  of 
cloth  between  his  fingers  and  the  glafs. 

The  combuflion  continued  with  the  ufual 
phenomena ; the  iron  plate  receiving  the 
drops  of  oxyd  and  melted  fparkling  iron, 
until  it  rofe  to  touch  the  remaining  part  of  the 
burning  coil,  within  half  an  inch  of  the  glafs 
flopple.  About  this  time  the  combuftion 
firfl  flackened  and  then  ceafed.  The  refl- 
duary  gas  contra£led  in  cooling  to  the  bulk 
of  about  four  cubic  inches. 

Lime  water  introduced  to  it  (hewed  that  it 
contained  Carbonic  acid  in  fufficient  quan- 
tity to  account  for  the  ceflation  of  the  com- 
buftion before  all  the  oxygen  gas  was  confu- 
med. But  the  precife  quantity  was  not  af- 
certained,  becaufe  it  was  intended  in  a future 
experiment  to  light  the  tinder  in  the  veflel  by 
the  focus  of  a lens. 

It  was  obferved  that  this  experiment  is  lia- 
ble to  frequent  failures  by  the  cracking  of 
the  veflel  at  the  neck ; and  that  the  quan- 
tity of  carbonic  acid  gas  is  variable,  but 
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always  fufficlent  to  prevent  the  combuftion 
from  proceeding  to  the  total  confumption 
of  the  oxygen  gas,  for  the  reafon  affigned  by 
Lavoisier. 

EXPERIMENT  VII. 

This  was  performed  in  the  manner  of  La- 
ToisiER,  page  88,  and  the  rcfult  correlpond- 
ed  with  his  defcriptioo. 

During  the  fparkllng  and  vivid  combuf* 
tion,  attended  with  a perfedl  fufion  of  the 
inflamed  parts,  the  iron  combined  with  the 
oxygen  and  forrqed  a flag  or  oxyd  which  was 
brittle  and  pulverable  when  cold.  Every 
hundred  grains  of  iron  united  with  thirty-fix 
of  oxygen,  and  the  bulk  of  the  oxygen  gas 
was  accordingly  dlminifhed.  The  Caloric 
ilTuing  rapidly  all  the  while,  appeared  under 
the  charaders  of  fire  and  light ; the  former 
heating  the  veflels,  the  latter  dazzling  by  its 
brilliancy. 

“ In  all  decompofitions  of  oxygen  gas, 
“ whether  flowly  effedled  as  in  the  former 
“ experiments,  or  rapidly  as  in  the  laft,  Ca- 
“ loric  is  extricated  as  certainly  when  it 
“ efcapes  confounded  with  that  of  the  tem- 
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peratufe,  as  when  it  caufes  the  phenomena 
“ of  .fire  andLighti  But  we  are  not  there- 
“ fore  to  conclude  with  Lavoisier  that  Light 
“ is  alfo  emitted  In  the  former;  whllft  there 
“ are  fiirong  grounds  for  the  opinion  that  Ca- 
“ loric  ads  as  Light,  by  thofe  particles  only 
“ which  have  acquired  peculiar  velocity  in 
fpringing  forth  from  the  date  of  corfdeii- 
“ fation  and  coercion/* 

The  Experimenter  apologized  for  his  man- 
ner of  defcriblng  thefe  things,  in  conformity 
with  his  notions  of  Caloric  and  Light. 


The  place  being  incumbered  with  vefifels 
filled  with  azotic  gas  and  oxygenous  gas  of 
the  foregoing  experiments,  it  was  refolved 
•that  they  fhould  be  expended  at  the  next 
meeting  in  experiments  on  refplratlon. 

No  minutes  were  taken  of  the  converfi- 
tions  of  this  evening,  becaule  they  took  place 
in  fmali  parties  and  on  different  fubjeds  at 
the  fame  time. 
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M I N U T E S 

OF  THE 

EIGHTH  MEETING, 

O N 

Saturday,  March  22,  1794. 


Experiments  and  Obfervatiom  on  the  Refpirathn 

of  Animals, 

The  meeting  was  opened  with  a fhort  dif^ 
courfe,  in  which  the  principal  faas  and  opi- 
nions concerning  refpiration  were  mentioned, 
and  the  eminent  philofophers  who  had  written 
on  this  fubjed  were  refpedfulJy  named. 


experiment  l 

In  the  bell-glafs  abedef  Plate  II.  fig.  j, 
the  mouth  of  which  at  a f was  an  inch 
and  a quarter  in  diameter,  a flender  circular 
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inahogany  grate  was  fixed  horizontally  at  h 
on  which  a bird  might  reft  near 

In  this  grate  fix  feathers  were  ftuck  at 
equal  diftaiices  and  pointing  downwards,  in 
the  manner  h i and  k 1. 

The  mouth  af  was  flatted  and  accurately 
ground  to  tiic  circular  brafs  plate  m n,  in  the 
center  of  which  the  handle  o flood  upright. 
This  plate  when  prefled  on  the  mouth  a f 
made  it  air  tight,  and  adhered  ftrongly  when 
the  lip  of  the  veflel  was  previoufly  greafed 
flightly  with  tallow. 

The  air  being  carefully  excluded  from  the 
veflel  and  the  feathers,  by  finking  them  for 
fome  time  in  water,  the  plate  was  fixed  otij 
and  three  wine  pints  of  oxygen  gas  from  red 
oxyd  of  mercury  by  nitrous  acid,  were  intro-  - 
duced.  The  inftrument  wnth  the  gas  being 
transfered  to  the  flielf  of  a trough  containing 
two  gallons  of  lime  water,  this  was  made  to 
aflame  a common  level  on  the  infide  and 
outfide  of  the  bell  glafs  near  c d. 

To  introduce  a fparrow,  which  was  ready^ 
without  admitting  any  of  the  external  air, 
whilft  the  plate  was  fliddeii  fideways,  the 
bird’s  breaft  was  made  to  flop  the  aperture, 
and  at  the  inftantof  his  entry  the  brafs  plate 
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was  (lldden  to  its  former  pofition  and  fixed 
by  preffure. 

In  this  way  the  bird  expelled  its  bulk  of 
oxygen  gas,  which  in  its  efflux  prevented  the 
entry  of  air  ; but  he  unavoidably  carried  in 
the  quantity  contained  in  his  lungs  and  en- 
tangled in  his  feathers.. 

The  vejd'el  held  by  the  mouth  a was 
immediately  removed  from  the  fflelf  to  the 
deeper  part  of  the  trough,  and  by  a circular 
ofcillatory  motion  of  tlie  part  c d,  whllfl:  it 
was  prefled  a little  into  the  water,  this  lafl: 
was  made  to  wet  the  inflde  of  the  veflel  to 
fome  height  at  firfl,  and  foon  after  the  fides 
and  feathers,  as  high  as  the  grate  on  which 
the  fparrow  flood.  This  agitation  was  re- 
peated every  minute  in  order  to  expedite  the 
abforptlon  of  the  carbonic  acid  gas,  which 
the  refpiration  aflorded,  and  which  would 
I foon  have  killed  the  bird,  had  it  been  permit- 
I ted  to  remain  in  the  oxygen  gas.  The  lime 
f water  became  turbid  wherever  it  remained 
for  a few  minutes  undiflurbed  on  the  fides  of 
the  veflel,  but  the  precipitation  of  the  whole 
was  not  fo  perceptible.  On  this  fubjeft  it 
was  laid  that  the  quantity  of  Carbonic  acid 
gas  produced  in  refpiration  is  much  fmaller 

I 2 than 


than  has  been  heretofore  Imagined,  and  in 
the  prefent  experiment  is  not  fufficient  for 
the  total  precipitation  of  one  tenth  of  this 
lime  water. 

.After  the  firll  emotions  excited  by  the  no- 
velty of  his  fituation,  the  bird  fhewed  no 
nneafinefs  in  the  courfe  of  two  hours  or  more ; 
the  lime  water  continuing  all  the  while  to 
approach  to  the  grate  as  fall:  as  the  oxygen 
gas  was  confumed. 

The  gentlemen  now  unanimoufly  demand- 
ed that  he  fhould  be  fet  at  liberty,  before  the 
lime  water  fhould  reach  him.  They  added 
that  the  experiment  was  already  conclufive 
in  refpedl:  to  the  eminent  refpirability  and  the 
falubrity  of  oxygen  gas,  and  the  total  expen- 
diture of  it  in  refpiration,  when  the  carbonic 
acid  gas  is  thus  quickly  withdrawn  from  it. 

The  cover  being  removed  and  the  grate 
withdrawn  after  the  veffel  was  dried,  the 
bird  flew  away  with  great  vigour. 

The  Experimenter  exprefled  his  intention 
to  repeat  this  experiment  with  a veflTel  of  the 
fame  capacity,  but  having  the  compartment 
above  the  grate  reduced  to  one  fourth  of  the 
fpace  in  which  the  bird  was  lately  placed. 
He  intended  alfo  to  permit  the  bird  to  remain 

until 


( ) 

until  the  bulk  of  the  refiduary  oxygen  gas 
Ihould  be  reduced  to  about  two  ounce  mea- 
fures ; and  then  to  examine  this  refidue, 
which  may  be  expeded  to  confiiT:  of  oxygen 
gas  mixed  with  as  much  azotic  as  the  bird 
had  introduced. 

The  great  fize  and  peculiar  communica- 
tions of  the  refpiratory  organs  of  birds  warrant 
the  expedation  that  the  bulk  of  azotic  gas 
thus  introduced  will  equal  half  that  of  the 
naked  birds.  The  experiment  fucceefled 
accordingly, 

EXPERIMENT  II. 

“ The  charadler  of  azotic  gas  is  quite  the 
“ reverfe  of  the  foregoing.  Mice  and  other 
“ animals  are  fufFocated  in  it  in  a few  fe- 
“ conds.  They  generally  die  in  it  in  lefs 
“ than  the  time  during  which  they  could 
“ bear  an  interruption  of  their  refpiration. 

“ If  a moufe  when  he  droops  in  azotic 

gas  be  Immediately  withdrawn  from  it,  he 
“ may  be  recovered  by  applying  a finger 
“ moiftened  with  aqua  ammoniae  purae  to 
“ his  nofe  and  lips,  and  by  chafing  him 
^ with  the  hands.  It  is  expected  that  the 
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bird  which  is  now  to  be  employed  will  be 
“ faved  in  the  fame  way,  as  the  veflel  may 
be  opened  at  both  ends,  and  atmofpheric 
air  may  be  blown  through  it  in  two  or 
three  feconds.” 

Theinftrument  ufed  in  the  lafl  experiment, 
being  filled  with  azotic  gas  procured  from  air 
by  the  means  of  iron  filings  and'fulphur  pafte, 
and  purified  by  expofure  to  lime  water,  ^ 
frefh  fparrow  was  introduced  with  the  ut- 
moft  celerity.  He  fell  dead  in  a fecond ; 
and  although  the  inflrument " was  quickly 
raifed,  and  air  was  blown  through  it  in  lefs 
than  three  feconds,  the  meafures  above  men- 
tioned could  not  recover  him,  neither  did 
blowing  gently  into  his  lungs  avail.  Thus 
it  appeared  that  animals  which  have  large 
lungs  adapted  to  .the  refpiration  of  the  open 
air,  are  fooner  fuffocated  in  azotic  gas,  than 
thofe  which  are'  ufed  to  live  under  ground. 

EXPERIMENT  III. 

Azotic  gas  was  taken  from  the  veflel  which 
fupplied  that  by  which  the  bird  was  killed  ; 
and  being  mixed  with  the  quantity  of  oxygen- 
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gas  which  was  neceffary  for  the  compoficlon 
of  atmofpherlc  air,  the  mixture  was  traiif- 
fered  into  the  veflel  ufed  in  the  preceding 
experiments. 

A frefli  fparrow  being  introduced  and  the 
veflel  adtated  in  lime  water  -as  in  the  firfl 

O 

experiment.  He  breathed  caflly  at  firfl",  but 
afterwards  fliewed  figns  of  diflrefs,  vvhilft  the 
bulk  of  the  air  dirnininaed.  When  about 
one  half  the  oxygen  gas  had  been  expend- 
ed, he  would  foon  have  died,,  had  he  not 
been  recruited  with  frefh  oxygen  gas. 

. It  was  obferved  that  a moufe  could  live  to 
confume  much  more  of  the  oxygen  gas,  in 
this  circumftance ; and  that  oxygen  gas  ad- 
miniflered  in  due  time,  never  fails  to  revive 
him. 

“ In  fuch  experiments  no  confiderable  di- 
minution  of  the  bulk  of  the  azotic  gas  has 
“ been  difeovered.  And  however  noxious 
“ it  be  when  pure,  it  always  feems  to  be 
“ merely  paflive  in  refpi ration,  fo  long  as 
oxygen  gas  remains  in  it  in  due  quantity.’* 
As  it  was  known  to  all,  that  animals  fuch, 
as  birds  and  mice,  whofe  natural  refpiration  is 
quick  and  uninterrupted,  are  almofl  inflantly 
fuiffbcated  in  carbonic  acid  gas ; and  as  it  was 
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admitted  on  the  authority  of  philofophers 
whofe  veracity  and  (kill  are  unqueftionable, 
that  carbonic  acid  gas  produces  this  efFed 
fooner  or  later,  according  to  the  quantity  of 
it,  when  mixed  with  air,  or  even  with  oxy- 
gen gas;  it  was  deemed  fufficient  to  Ihew 
that  carbonic  acid  gas  poured  from  a wide 
mouthed  bottle,  links  in  the  air  by  its  greater 
Ipecific  gravity,  and  extinguilhes  a taper 
placed  many  inches  below  the  bottle. 

“ From  thefe  properties  of  carbonic  acid 
“ gas  we  learn  how  an  animal  is  foon  fufFo- 
“ cated  in  a velFel  containing  as  much  oxygen 
“ gas  as  would  ferve  for  refpiration  for  many 
“ hours ; and  the  (boner  as  he  is  placed  low- 
“ er  in  the  velFel,  where  the  carbonic  acid 
“ gas  chiefly  gathers.’* 


Dr.  Powel’s  queftlon  reFpeaing  Carbonic 
acid  gas,  at  the  (ixth  meeting,  was  the  chief 
Fubjea  of  converfation  this  evening.  The 
Editor  obferves  with  great  regret  that  the 
minutes  do  not  enable  him  to  give  a correft 
account  of  the  converlations,  or  to  do  juftice 
to  the  (peakers. 


The 
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The  minutes  exprefs  no  more  than  that 
Mr.  Young  related  an  experiment,  in  which 
he  placed  infefls  (probably  wafps)  in  car- 
bonic acid  gas.  He  defcribed  their  peculiar 
organs  of  refpiration  at  their  hdes  : and  faid 
the  effed  of  the  gas  was  to  render  them  tor- 
pid at  firft  and  afterwards  ftupified.  This  ef- 
fe£l  ceafed  after  a while,  and  thenceforward 
they  feemed  to  fuftain  no  inconvenience  from 
the  carbonic  acid  gas. 

Several  members  made  oblervations  and 
conjeflures  on  this  fubjedf,  which  were  not 
entered  in  the  minutes.  The  Editor  recol- 
ledls  one  which  was  to  the  following  effed. 

Acid  gas,  which  is  generally  fuppofed  to 
caufe  fufFocation  by  irritating  and  caufing  a 
ftrlflure  of  the  mufcles  of  the  Larynx  ; may 
not  affefl:  an  animal  of  this  ftrudture,  who 
perhaps  is  not  provided  with  fuch  mufcles,  the 
chief  ufe  of  which  is  to  modulate  the  voice; 
or  who  may  have  his  heart  fo  conftrudled 
that  his  circulation  may  be  carried  on  with- 
out refpiration. 

Another  member  obferved  that  Dr.  Powel 
was  aware  of  thefe  opinions,  and  yet  perlihed 
in  his  queftion. 

The  Experimenter  on  this  occafion  related 

the 
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the  efFe£ls  of  clivers  things  on  refpiratioib 
He  fpoke  firft  of  aflrlngents  and  particularly 
of  the  rind  of  nuts  : then  of  acid  vapours  : 
next,  of  the  imminent  danger  of  fuffocation, 
which  he  once  experienced  from  the  exhala- 
tion of  oxygenated  muriatic  acid. 

Whilft  he  was  cautioning  a gentleman 
againft  this  infidiolis  enemy,  and  inattentive 
to  himfelf,  he  felt  no  iriamediate  inconveni- 
ence. But  in  a few  feconds  'after  he  had 
retired  from  the  place  into  frefh  air,  he  had 
a fenfe  of  ftridture  in  the  Larynx,  which 
encreafed  for  two  or  three  minutes,  until  he 
was  almofl:  fuffocated.  ide  fwallowed  water 
repeatedly,  and  then  milk  ; and  at  laid  was 
glad  to  fwallow  oil.  The  difficulty  was  in 
the  iiifpiration  which  was  extremely  flow' 
and  ftridulous ; for  he  could  expire  as  much 
air  in  two  feconds,  as  he  could  infpire  in 
twenty. 

Laftly  he  related  two  cafes  of  poifoning  by 
laurel  water ; in  both  which  the  parties 
poifoned  were  manifeftly  flrangulated  by  a 
flridlure  of  the  Larynx. 

Dr.  PowEL  faid  that  he  \vas  now  engaged 
in  experiments  tending  to  decide  on  this 
queffion,  and  that  he  fliould  at  pre- 
fen C 
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feiit  content  himfelf  with  relating  the 
following. 

He  made  an  animal  to  breathe  through  a 
Canula  placed  in  the  Trachea,  below  the 
mufcles  of  the  Larynx;  and  yet  he  was  de- 
ftroyed  prefently  by  the  carbonic  acid  gas. 
He  would  not  now  draw  any  inference ; but 
obligingly  promifed  to  give  further  informa* 
tion  on  the  fubjedt. 


MI- 
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Saturday,  March  29,  1794; 


Expermenis  and  Obfervations  on  the  Rejpiraiiott 

of  Men, 

experiment  I. 

‘‘Mr.  cavendish  to  whom  weare 

indebted  for  the  greatefl;  of  the  modern  dif- 
coveries  in  Chemical  Philofophy,  many  years 
ago  obferved  that  the  oxyd  of  mercury  by 
nitrous  acid  may  be  made  to  yield  oxygen 
gas  fit  for  experimental  ufe.” 

The  expence  of  oxyd  by  calcination,  and 
the  great  confumption  of  oxygen  gas  in  the 
laboratory  every  year,  having  induced  the 
Experimenter  to  prepare  the  oxyd  by  nitrous 
acid  with  the  greatefl  attention  to  oeconomy 

and 
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and  perfection ; he  referred  to  the  books  of 
the  laboratory  for  the  neceffary  information 
refpeCting  the  operations  which  were  now 
carried  on  for  thele  purpofes. 

It  was  there  hated,  in  reference  to  the  pro- 
cefs  of  the  Pharmacopoeia,  that  nitrous  acid 
much  lefs  expenfive  may  be  ufed.  Twenty^ 
nine  parts  of  fuphuric  acid  being  inlufficient 
for  the  decompofition  of  fixty  of  nitre,  a con- 
liderable  quantity  of  the  nitre  remains  unde- 
compoled.  But  if  the  heat  be  greatly  aug- 
mented to  decompofe  it  by  Caloric,  the  pro- 
d’.’cl  is  not  condenfible.  A much  greater 
quantity  of  nitrous  acid  equally  fit  for  the 
iiitrat  of  mercury,  may  be  obtained  from  a 
charge  confiding  of  fixty  parts  of  nitre  and 
thirty- five  of  fulphuric  acid. 

To  fixty  ounces  of  this  acid  placed  in  a 
deep  porcelain  difli  handing  on  a flat  tile  in 
a muffle,  an  equal  quantity  of  mercury  is  to 
be  gradually  added.  The  dihi  is  to  be  co- 
vered with  aplate  of  glafs  during  the  folution, 
and  a fmall  aperture  on  the  fide  of  the  muffle 
is  to  be  left  open  to  pafs  away  the  nitrous  gas 
and  vapour,  through  the  chimney.  On  the 
next  day,  when  the  folution  has  been  com- 
pleatedj  the  mufflle  is  to  be  gradually  heated 

until 
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until  the  nitrat  becomes  dry,  after  which  the 
heat  is  to  be  flowly  raifed  in  the  courfe  of 
24  hours*  to  600°, 

The  nitrat  thus  prepared  is  uniform  in 
colour  and  quality  in  all  parts;  which  never 
is  the  cafe  when  it  is  heated  in  a fand  bath ; 
in  which  the  fuperficial  and  central  parts  of 
the  oxyd  remain  yellow,  even  when  the  heat 
at  the  bottom  and  fides  has  been  fufficient  to 
decompofe  a part  of  the  oxyd  firft  formed. 

As  the  nitrous  acid  always  contains  fome 
quantity  of  muriatic  acid,  corrofive  muriat 
of  mercury  always  exhales  during  this  pro- 
cefs,  and  a little  of  the  nitrat  of  mercury  it- 
felf  is  carried  forth  along  with  the  nitrous 
gas  and  vapour. 

In  the  iifual  method  of  preparing  the 
oxyd  in  the  laboratory  of  a teacher,  the  place 
becomes  fo  flrongly  impregnated  with  mer- 
cury in  a very  adive  date,  in  Ipite  of  all  that 
can  be  done  by  receivers  and  ventilation, 
that  any  man  who  fpends  much  time  in  it, 
is  fure  to  feel  the  effedsof  mercury  ; and  if 
he  fhould  employ  himfelf  in  the  mean  time, 
in  breathing  the  oxygen  gas  procured  from 
the  red  oxyd,  he  is  apt  to  impute  thefe  effeds 
to  mercury  contained  in  the  gas,  A very 
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refpectable  author  has  fallen  Into  this 
error. 

When  this  oxycl  is  made  to  yield  oxygen 
gas  through  water,  in  the  manner  formerly 
defcribed,  and  is  kept  for  24  hours  in  bottles 
properly  flopped,  all  the  mercury  is  faved : 
the  expence  confifls  only  in  the  wafle  of  iiir 
trous  acid,  and  the  gas  may  be  breathed  in 
any  quantity  with  perfefl  fafety. 

It  was  the  opinion  of  the  Experimenter 
that  the  red  oxyd  may  be  prepared  with  two 
thirds  of  this  quantity  of  acid,  provided  a 
little  water  be  ufed,  and  the  folutlon  of  the 
mercury  be  very  flowly  effected  in  a deep 
veflel,  in  which  the  nitrous  gas  may  meet 
air  to  form  it  into  nitrous  acid,  and  return  it 
^nto  the  charge. 


EXPERIMENTS  II.  III. 

An  Inflrument  by  which  a man  may 
breathe  any  quantity  of  air  or  oxygen  gas  was 
now  produced.  It  was  the  fame  which  was 
firfl  ufed  by  the  Experimenter  in  1786,  and 
differed  only  in  the  fize,  from  the  follow- 
ing w'hich  is  reprefented  at  Plate  II.  fig.  2. 

abed 
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c h c d reprefents  a bell-glafs  terminating 
at  the  top  in  a narrow  neck,  on  which  the 
perforated  brafs  cap  a ef  d is  cemented. 

The  brafs  flop-cock  e g h fcrews  into  the 
cap  at  e and  into  a fimilar  brafs  cap  h /,  a 
tfibe  of  iron-wood  h t k is  cemented.  The 
end  at  k being  made  large  and  flat,  in  order 
that  it  may  be  more  firmly  embraced  by  the 
lips  of  the  perfon  who  refpires  through  it. 

The  aperture  of  the  tube  from  a d to  k 
is  uniform  and  one  fourth  of  an  inch  in  dia- 
meter; this  being  found  fufficient  for  free 
refpiration. 

The  cock  at^  being  flopped  when  the  vef- 
fel  was  filled  with  clear  lime  water  in  a large 
trough;  oxygenous  gas  from  the  oxyd  of 
mercury  by  nitrous  acid,  was  introduced  to 
the  quantity  of  nineteen  pints.  The  veflel 
buoyed  up  by  the  gas,  was  held  upright,  fo 
that  the  tube  g k prefented  itfeJf  tranfverfely 
by  the  end  k,  to  Mr.  Taylor’s  mouth. 

He  was  prepared,  by  affuring  himfelf  that 
he  could  force  no  air  from  the  fauces  through 
the  ears;  and  that  the  fpring-clip,  which  he 
fixed  on  his  nofe,  had  clofed  the  noflrils  ef- 
fedually.  Then  expiring  all  the  air  he  could 
expel  from  his  lungs,  in  a bent  poflure  of  the 

body. 
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toJy,  he  took  the  mouth-piece  of  the  tube 
into  his  mouth,  and  prefled  his  lips  on  it  with 
one  hand,  whilfl:  he  held  the  flop-cock  with 
the  othen 

The  tube  being  filled  with  water  between 
^ and  he  took  care  to  draw  this  gently 
into  his  mouth,  when  he  opened  the  cock  ; 
and  in  breathing  the  gas  afterwards,  he  fufFer- 
ed  the  veflel  to  play  freely  up  and  down  with 
the  motion  which  the  refpiration  gave  it. 

An  afliflant  at  this  time  held,  in  the  lime 
water,  by  the  ring  f Plate  11.  fig.  3.  the 
iron  wire,  bent  to  the  figure  ab  c d ef,  and 
carrying,  at  the  end  feathers  faflened  in  a 
radicated  form  a g h. 

The  feathered  leg  of  this  wire  being  intro- 
duced into  the  veflel  containing  the  oxygeri 
gas,  whilfl  the  c d e flood  outfide  of  it, 
he  made  the  feathers  to  rife  and  fink  alternate- 
ly, fo  as  to  expofe  frefh  furfaces  of  lime  wa- 

I 

ter  to  the  gas,  in  quick  fucceflion  during  the 
refpiration. 

This  expedient  was  deemed  neceflary  at  the 
time,  in  order  to  accelerate  the  abforption  of 
the  carbonic  acid  gas  produced  in  refpiration. 

The  bulk  of  the  oxygen  gas  was  vifibly 
tiiminifhed  at  every  refpiration,  and  the  lime 

K water 
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Water  became  turbid.  Mr.  Taylor  being 
defired  to  refpire  flowly,  and  without  preffing 
the  veflel  into  the  lime  water,  neverthelefs 
confumed  the  W'hole  of  the  oxygen  gas  in  (ix 
minutes.  He  did  not  flop  until  the  lime 
water  had  rifen  into  his  mouth. 

Although  Mr.  Taylor  was  healthy,  and 
his  age  about  22  ; his  natural  pulfe  was  only 
64  previous  to  the  experiment,  and  not  more 
than  66  on  the  following  day. 

During  the  refpiration,  his  pulfe  quickened 
to  90  beats  in  a minute  and  was  conhderably 
encreafed  in  fullnefs  and  ftrength : But  he  felt 
no  inconvenience  whatever. 

The  velTel  being  immediately  charged 
again  with  19  pints  of  gas,  he  refpired  thefe 
alfo,  and  confumed  them  entirely  in  fix  mi- 
nutes. His  pulfe  was  increafed  to  120  beats 
in  a minute,  and  was  vigorous  withal.  He 
felt  no  inconvenience  ; but  had  a fenfe  of  un- 
ufual  warmth  in  his  lungs.  In  one  hour 
after  the  experiment  his  pulfe  returned  to  64. 

The  inferences  were  deferred  to  a future 

meeting. 
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A coiiverfation  enfued,  in  which  many  oF 
the  members  fpoke  on  the  fatal  effedls  of 
crowded  rooms  and  prifons,  in  which  the 
air  gradually  exhaufted  of  oxygen  gas  by 
refpiration,  and  charged  with  carbonic  acid 
gas,  firft  becomes  infufficient  for  the  due 
'maintenance  of  the  animal  fundlions,  and  foon 
after  fuffocating  by  the  carbonic  acid  gas. 

Inftances  were  mentioned  of  perfons  fuffo- 
cated  by  fleeping  in  clofets  and  clofe  rooms,  in 
which  charcoal  had  been  left  burning,  in  order 
to  warm  them and  the  effefts  were  juftly 
attributed  to  the  e^cpenditure  of  the  oxyge- 
nous part  of  the  air,  in  the  formation  of  de- 
leterious carbonic  acid  gas. 

The  unwholefome  luxury  of  no<fturnal 
affemblies,  clofe  roorrls,  and  numerous  can- 
dles was  noticed.  And  then  a defultory  con- 
verfation  on  the  diving-bell  took  place. 

A member  who  was  acquainted  with  the 
‘diver  who  went  twenty  or  thirty  feet  under 
water,  * and  between  decks  in  the  Royal 
George,  and  was  employed  in  railing  fome 
of  the  ftores  or  guns ; defcribed  this  art  as 
confifting  chiefly  in  his  ufing  a light  portable 
wooden  veffel  not  unlike  a bell,  which  co- 
vering the  diver’s  body  as  low  as  his  hips, 
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took  down  with  him  air  enough  to  ferve  for 
refpiration,  until  he  turned  in  more  from  bar- 
rels of  air  fent  to  him  with  the  bung-holes 
downwards,  by  means  of  the  machinery. 
When  his  bell  was  full  it  prefled  on  him  wdth 
a weight  of  only  141b.  He  faid  he  could  de- 
tach it  from  the  tackle,  which  he  took  care  to 
faflen  where  he  could  eafily  find  it ; and  af- 
ter walking  between  decks,  could  fix  it  to 
the  tackle  again,  in  order  to  be  drawn  up. 

The  only  inconvenience  he  fuftained  under 
the  additional  preflure  of  fuch  a column  of 
water,  was  felt  in  his  ears,  and  during  the 
time  of  his  defcent ; and  this  was  imputed  to 
the  prefllire  on  the  Tympanum. 

He  was  fuffocated  in  his  diving-bell,  whilft 
he  was  attempting  to  raife  valuable  flores 
from  a veflel  which  was  funk  on  the  coafl: 
of  Ireland ; and  as  he  was  very  expert  and 
intrepid,  his  death  was  imputed  to  his  pierc- 
ing or  having  a veflel  of  fome  fermentable 
matter  fuch  as  bifcuit  or  flefh,  which  fur- 
nifhed  carbonic  acid  gas  in  fufficient  quantity 
to  fuffocate  him  before  he  could  give  the 
lignal  for  railing  liim. 
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A vifitor  mentioned  an  inftance  lately  dif- 
covered,  of  combuftion  without  the  aid  of 
oxygen.  He  ftated  the  experiment  in  ge- 
neral terms,  and  afterwards  communicated 
the  particulars  of  it  by  Mr.  Young,  in  the 
following  words. 

“ Forty-five  grains  of  brafs  filings  and 
“ fifteen  grains  of  flowers  of  fulphur  previ- 
“ oufly  dried,  are  to  be  melted  into  a cake. 
‘‘  This  being  placed  in  mercury,  with  a veflel 
“ void  of  air  inverted  over  it,  will  take  fire 
“ and  burn  when  the  mercury  is  heated.” 

In  the  converfation  which  arofe  on  this 
fubjedl.  Dr.  Latham  mentioned  the  com- 
buftion  which  takes  place  at  the  furface  when 
phofphuret  of  Lime  is  thrown  into  water. 
Another  member  obferved  that  the  oxygen 
of  water  and  the  external  air,  zCt  in  this  latter 
inftance  ; and  that  no  water  or  air  is  prelent 
in  the  experiment  with  brafs  filings  and 
fulphur. 


The 
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The  Society  being  informed  that  the  ex-, 
periments  yet  to  be  offered  on  the  fubjed:  of 
refpiration  could  not  all  be  made  in  the  conrfe 
of  the  next  meeting;  but  that  the  refult  of 
fuch  as  might  be  performed  by  the  Experi- 
menter in  the  mean  time  with  the  inftru- 
ments  already  defcribed  and  ufed,  might  be 
concifely  reported  in  the  minutes  ; he  vyas 
4ire(Sted  to  proceed  and  report  accordingly. 


minutes 

o F T H E 

TENTH  MEETING, 

O N 

Saturday,  April  5,  17 94* 


Experimenis  and  Obfervations  on  the  ReJpiraUon 

of  Men. 

I T was  intended  that  the  Carbonat  of  Lime, 
precipitated  from  the  Lime  water  during  the 
refpiration  of  thirty-eight  pints  of  oxygen  gas 
by  Mr.  Taylor,  at  the  laft  meeting,  Ihould 
be  colle£led,  and  that  the  quantity  of  carbonic 
acid  gas  produced  in  that  procefs  fhould  be 
afcertained,  by  detaching  it  from  the  Carbo- 
nat in  clofe  veflels.  But  the  attempt  was  at- 
tended with  infurmountable  difficulties,  arif- 
ing  from  the  ufe  of  a wooden  trough,  and 
the  fmallnefs  of  the  quantity  of  the  precipi- 
tate relatively  to  the  mafs  of  lime  water, 
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which  had  neceffarily  prefented  an  extenfivc^ 
furface  to  the  air,  and  had  contrafled  a thick 
pellicle. 


EXPERIMENT  I. 

A tall  clylindrical  tin  vefTel  was  therefore 
provided;  the  capacity  of  which  was  not 
more  than  twice  greater  than  that  of  the  bell- 
glafs  containing  the  oxygen  gas.  In  this 
fmaller  veffel  charged  with  lime  water,  the 
following  experiments  were  made. 

In  the  manner  defcribed  in  the  minutes  of 
the  laft  meeting,  the  Experimenter  refpired 
19  pints  of  the  like  oxygen  gas,  until  the 
lime  water  rofe  into  his  mouth.  But  all  the 
while,  he  prefled  on  the  veflel  with  force 
enough  to  raife  the  furface  of  the  external 
lime  water  eight  inches  at  an  average  above 
the  furface  in  the  bell-glafs  ; and  thus  he 
refpired  the  oxygen  gas  under  the  prefliire  of 
an  eight  inch  column  of  water  added  to  that 
of  the  atmofphere. 

The  gas  was  confumed  in  four  minutes 
and  45  feconds,  by  long  and  deep  infpira- 
tions  at  firft,  and  the  fliorter  and  quicker 
which  he  was  obliged  to  make  at  lafl, 
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'eft  the  lime  water  Ihould  rufh  into  his 
lungs. 

He  felt  no  Inconvenience  from  this' rapid 
confumption  of  the  gas.  The  lime  water 
was  found  ftill  to  retain  the  chief  part  of  its 
lime,  and  to  have  depohted  but  very  little 
parbonat  of  Lime. 


EXPERIMENT  II. 

In  about  half  an  hour  afterwards  he  breath- 
ed nineteen  pints  more  of  the  oxygen  gas, 
expofed  to  frefh  lime  water ; taking  care  in 
the  mean  time  to  fuftain  the  veffel,  fo  that  the 
preffure  on  the  oxygen  gas  ftiould  be  as  much 
leffened  in  this,  as  it  was  Increafed  in  the 
former  experiment. 

Under  this  circumftance  the  refpiratioii 
was  very  laborious,  and  continued  for  about 
eleven  minutes,  before  the  whole  of  the  gas 
was  conlumed.  The  difficulty  encreafing 
towards  the  end,  obliged  the  Experimenter 
to  lower  the  veflel  a little  in  the  lime  water, 
pccafionally. 

The  precipitate  from  the  lime  water  feemed 
to  be  greater  in  this  than  in  any  former  experi- 
ment 
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ment  with  this  inftrument.  But  ftill  the 
lime  water  was  not  complearjy  precipitated. 

For  this  and  divers  other  reafons,  it  was 
intended  that  this  experiment  fhould  be  re- 
peated, with  lefs  lime  water. 

I 

EXPERIMENT  III. 

The  inftrument  being  charged  again  with 
nineteen  pints  of  the  like  gas,  expofed  to  frefti 
lime  water ; the  Experimenter  breathed  the 
gas  as  Mr.  Taylor  had  done,  under  a pref- 
fure  intermediate  between  that  of  the  firft  and 
fecond  experiment  of  this  meeting ; and  con- 
fumed  the  whole  of  it  in  fix  minutes  and  a 
quarter. 

The  inferences  were  deferred  to  the  next 
meeting. 


The  Experimenter  now  begged  leave  to 
inform  the  fociety  that  he  had  performed 
the  experiment  propofed  by  a vifitor,  at  the 
laft  meeting  and  afterwards  deferibed  in  a 
note  by  Mr.  Young  ; with  a double  charge 
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the  brafs  filings  and  flowers  of  fulphur  5 
but  with  due  care  to  expofe  the  materials  to 
air,  no  more  than  was  unavoidable. 

The  mafs  confifting  of  the  fulphur  melted 
into  the  filings  of  brafs,  was  introduced  under 
mercury  into  a dry  and  warm  glafs  jar  prevl- 
pufly  filled  with  mercury  and  inverted  in  it ; 
in  the  prefence  of  Dr.  Latham,  Dr.  Pow- 
EL,  Mr.  Young  and  Mr.  Grubb;  and  the' 
mercury  was  then  heated  to  the  boiling  point: 
but  nothing  like  combuflion  took  place,  al- 
though the  heat  was  fufficient  to  make  the 
mercurial  vapour  fill  the  jar,  after  deprefling 
the  mercury  in  it  to  the  common  level.  For 
a while  it  was  fufpedted  that  a gafleous  fluid 
had  been  generated,  and  had  produced  this 
deprefflon  of  the  mercury  ; but  as  the  whole 
cooled,  the  mercury  rofe  nearly  to  its  former 
height;  fliewing  that  the  depreflion  was 
owing  to  mercurial  or  fulphurous  vapour  and 
nothing  elfe. 

On  the  next  day  about  half  a cubic  inch  of 
elaftic  fluid  was  found  flill  remainins:  above 
the  mercury ; but  this  was  regarded  as  the 
quantity  of  air  which  fuch  a porous  mixture 
might  eafily  have  retained  until  it  was  heated. 

The  Experimenter  would  have  repeated 
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this  procefs  with  the  brafs  filings  and  ful- 
phur  formed  into  a matt  or  intimate  combi- 
nation, by  fufion  in  a greater  heat ; were  it 
not  confidered  as  utterly  incompetent  to  the 
proof  of  its  capacity  to  catch  fire  and  burn 
without  the  aid  of  oxygen ; becanfe  fuch  a 
matt  cannot  be  made  and  applied  without 
contact  with  air,  which  it  powerfully  at- 
tracts. 

A member  who  made  this  experiment  in 
the  foregoing  manner,  faid  that  he  had  ob- 
ferved  more  elaftic  fluid  over  the  mercury  in 
the  courfe  of  three  or  four  days,  but  faw  no- 
thing like  combufliion. 

It  was  anfwered  that  this  might  eafily  have 
happened  in  a moift  veflel,  as  fulphurated 
metals  imbibe  water,  and  in  fome  circumflan- 
ces  decompofe  it ; but  the  produCt  would  be 
Hydrogen  gas,  or  fulphurated  Hydrogen  gas. 

It  was  declared  that  any  experiment  propo- 
fed  on  proper  authority,  fliould  be  made, 
, however  unpromifing  it  might  be,  under  the 
philofophical  opinions  now  entertained. 


MI- 


minutes 


OF  THE 

ELEVENTH  MEETING, 

O N 

Saturday,  April  12,  1794. 


'Experiments,  Objervations  and  Inferences  con* 
cerning  Eefpiration  and  Animal  Heat, 

M R.  Lavoisier  and  De  la  Place  made 
their  experiments  on  Guinea-pigs,  by  in- 
troducing them  into  oxygen  gas,  and  with- 
drawing them  in  due  time.  To  the  vitjiated 
oxygen  gas  they  prefented  a folution  of  cauftic 
alkali ; and  after  all  the  carbonic  acid  gas 
was  abforbed,  the  animals  were  returned  to 
breathe  the  purified  oxygen  gas.  By  repeti- 
tions of  this  procefs,  it  was  found  that  the 
whole  of  the  oxygen  gas  may  thus  be  con- 
fumed. 

As  thefe  animals  muft  introduce  air  in 

their 
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their  luogs  as  often  as  they  are  reurned  intd 
the  oxygen  gas,  this  method  is  not  fo  eligible 
as  that  of  the  experiments  lately  prefented. 

Dr.  Priestly,  Dr.  Crawford  and  others 
obferved,  that  when  atmofpheric  air  thus 
employed  was  confined  by  mercury,  its  bulk 
was  not  confiderably  diminifhed  by  the  refpi- 
ration  of  mice  or  Guinea-pigs,  which  were 
left  to  expire  in  it.  In  this  cafe,  the  Car- 
bonic acid  gas  concurs  with  the  azotic  to 
fuffocate  the  animal,  and  at  the  fame  time 
ferves  towards  the  maintenance  of  the  orio-1- 
lial  bulk  ©f  air. 

A Guinea-pig  lives  about  42  minutes  in 
five  pints  of  atmofpheric  air  confined  by 
water ; and  although  the  carbonic  acid  gas 
be  withdrawn,  the  animal  expires  when 
about  3-4ths  of  the  oxygen  gas  have  been 
con  fumed. 

A moufe  placed  in  a fmaller  quantity  of 
atmofpheric  air  proportionate  to  his  fize,  lives 
longer  ; but  expires  when  a little  more  than 
3-4ths  of  the  oxygen  gas  have  difappeared, 
although  lime  water  be  ufed. 

Sparrows  die  in  air  confined  by  lime-water, 
before  they  have  confumed  two-thirds  of  the 
©■xygen  gas. 

Frogs 


( 159  ) 

Frogs  and  amphibious  animals  whofe  cir- 
culation can  be  carried  on  for  a long  time, 
without  the  aid  of  refpiration,  by  reafon  of 
the  ftrudure  of  their  hearts  ; and  who  fubfift 
by  the  fmalleft  quantities  of  oxygen  gas,  live 
longeft  in  confined  air. 

Frogs  can  ftop  their  refpiration  for  forty  or 
fifty  minutes,  and  therefore  do  not  die 
even  in  carbonic  acid  gas  in  lefs  than  fifty 
minutes. 

Birds  confume  the  oxygen  gas  of  air  more 
quickly  than  other  animals  of  equal  bulk  ; 
their  refpiratory  organs  being  much  larger. 

Birds  and  other  animals,  who  are  formed 
to  live  in  open  air,  expire  fooner  in  air  vitia- 
ted by  their  refpiration,  than  thofe  animals 
that  are  defigned  for  living  occafionally  in 
clofe  places. 

The  azotic  gas  has  been  confidered  by  all 
as  a mere  vehicle  or  diluent  of  the  oxygen 
gas,  and  paflive  in  the  refpiration  of  air.  No 
one  hasobferved  any  diminution  or  confump- 
tion  of  it,  either  by  combining  in  the  manner 
of  the  oxygen  gas,  or  by  penetrating  the 
veffels  of  the  lungs,  to  mix  with  the  circu- 
lating blood. 

After  numerous  experiments  made  with 
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the  views  lately  expreffed,  and  for  purpoleS 
> which  are  prefently  to  be  mentioned,  modern 
philofophers  agree  in  the  following  fafls  and 
inferences. 

The  azotic  gas  of  atmofpheric  air  is  not 
only  unfit  for  refpiration,  but  quickly  de- 
flruftive  to  animals  who  breathe  it : although 
T^-o  of  refpirable  and  falubrious  air,  confifi:  of 
azotic  gas. 

Oxygen  gas  is  the  part  of  the  air  which  is 
indifpenfably  neceffary  for  the  maintenance 
of  the  animal  fundions  dependent  on  refpi- 
ration. 

Since  the  refpiration  of  pure  oxygen  gas 
was  found,  in  the  experiments  of  thetwolaft 
meetings,  to  produce  a preternatural  heat  in 
the  lungs,  and  a rapid  febrile  pulfe,  fuch  as 
always  tends  to  the  diffolution  of  the  animal 
frame : and  fince  debility,  convulfion  and 
death  follow  the  fucceffive  diminutions  of 
the  oxygen  gas  of  air,  by  refpiration,  long 
before  the  whole  of  the  oxygen  has  been  con- 
fumed  ; although  the  carbonic  acid  gas  be  in 
the  mean  time  carefully  withdrawn : we 
may  fafely  conclude  that  the  natural  propor- 
tion of  thefe  gaffes  in  the  circulating  air,  is 
the  fitteft  for  breathing  animals;  and  that 

any 
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any  confiderable  increafe  or  decreafe  of  its 
oxygenous  part  would  render  it  lefs  falubri- 
ous  to  animals  in  general; 


Various  efFe£ls  are  produced  in  the  animal 
lyftem  by  the  refpired  oxygen  gas,  the  chief 
of  which  is  the  production  of  animal  heat* 

On  this  fubjeCl  Dr.  Crawford  is  to  be 
efpecially  confulted  ; for  he  made  the  firfl 
advances  towards  a fatisfaClory  theory,  and 
afterwards  in  1788,  publifhed  an  elaborate 
work  in  which  he  availed  himfelf  of  all  the 
recent  improvements  rhade  by  cotemporary 
Experimenters,  in  this  department  of  phyfi- 
cal  knowledge. 

In  attempting  to  give  a Iketch  of  the  the- 
ory of  Animal  heat,  the  Experimenter  would 
avoid  whatever  is  exprelTed  or  argued  under 
the  opinion  that  Caloric  is  not  chemically  combU 
fiable  in  bodies ; and  would  alfo  oihit  all  that 
has  been  inferred  from  the  different  capaci- 
ties of  arterial  and  venous  blood  in  regard  to 
heat;  for  reafons  which  are  to  be  fhewn 
hereafter. 

In  all  oxydations  by  oxygen  gas,  In  which 
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metals  become  calciform  ; Sulphur,  Phofpho- 
rus,  Carlo,  and  other  Acldifiable  bafes,  be- 
come acids ; and  hydrogen  forms  water  ; the 


oxygen  gas  Is  partially  or  totally  decompofed  ; 
and  the  excefs  of  Caloric,  beyond  the  quan- 
tity coniblnable  in  the  oxyd,  is  expelled. 

ii)8  oxyd  or  product  r the  lame  whether 
tlic  pri;:  c,3  be  quick  or  flow,  This  may  be 
exempinr  ! in  all,  but  mofe  eanly  in  Phof- 
p .OiUS,  i'or  this  forms  the  fame  acid  with 
whether  it  be  burned  fo  quickly 
as  to  heat  intenfely,  or  fo  (lowly  as  to  caufe 
no  percept. Lie  augmentation  of  the  common 
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The  comLinatlons  of  oxygen  drawn  from 
the  air,  are  tr'remely  numerous  in  ti.e  vari- 
ous proceffes  of  calcination,  combuf  ion,  (low 
ozygenation  of  lu.j^  'xrret-j  and  carbonaceous 
and  oily  bodies,  acelvcaa  fermentation,  and 
putrefadlion ; in  ail  which  Caloric  is  extri- 
cated dining  the  union  of  me  bale  of  oxygen 
gas  with  the  attradive  fabilances. 

Refpiration  ranks  amongft  the  proceffes 
which  (hew  the  quickeff  expenditure  of  oxy- 
gen gas ; and  the  quantity  of  water  and 
carbonic  acid  gas  produced  during  this  ex- 
penditure, (hews  that  the  extricated  Caloric  Is 
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fulBcIent  to  produce  all  the  incalefcence  of 
the  organs  in  which  the  combination  of  the 
oxygen  is  efFe«5ted. 

The  blood  is  formed  from  animal  and  ve- 
getable fubftances,  and  like  them  abounds  in 
Carbo  and  Hydrogen,  and  alfo  contains  phof- 
phoric  matten  All  thefe  principles  ftrongly 
attract  oxygen  and  tend  to  the  extrication 
of  Caloric  from  the  oxygen  gas  prefented  to 
them. 

This  property  of  the  blood  appears,  under 
the  moft  dlfadvantageous  circumftances.  For 
when  drawn  from  an  animal  and  Infpiffated 
by  cold  and  reft,  it  is  ftill  capable  of  con- 
trafling the  volume  of  oxygen  gas,  by  com- 
bining with  the  oxygen  : and  venous  blood 
of  a deep  livid  red  colour,  when  expofed  to 
oxygen  gas,  acquires  the  vivid  red  colour, 
by  which  arterial  blood  which  has  recently 
pafled  through  the  lungs.  Is  diftlnguiflied 
from  the  venous  blood  returning  from  the 
extremities. 

Anatomifts  and  Chemlfts  have  frequent 
experience  of  the  fadlity  with  which  thin 
membranes  and  veflels,  fuch  as  thofe  of  the 
lungs,  are  pervaded  by  elaftlc  fluids  ; efpeci- 
ally  under  the  circumftances  of  molfture  and 
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preflVire;  aiul  can  cafily  perceive  how  fucli 
vefiels  may  eafily  admit  oxygen  gas  to  the 
blood,  and  as  ealiiy  permit  a carbonated  hy- 
drogenous fluid  to  meet  the  refpired  air  in  the 
Bronchial  ramifications,  under  circumftances 
highly  conducive  to  their  union.  Thefe  cir- 
cumftances are  preflure,  capillary  attradion, 
motion  and  heat. 

Any  procefs  in  which  oxygen  gas  lofes  its 
gafteous  form,  and  depofites  its  bafe  in  an 
^ittradive  fubftance,  and  therewith  forms 
carbonic  acid  or  water,  is  to  be  confidered  as  a 
fpecies  of  combuftion.  The  materials,  the 
produ6ls,  and  the  liberation  of  the  Caloric 
being  the  fame  ultimately,  whether  the  ope- 
ration be  attended  with  vifible  fire  by  reafbii 
of  the  velocity,  or  only  with  fuccefftve  and 
weak  incalence,  when  the  progrefs  of  it 
is  flow. 

Refpiration  therefore  is  to  be  confidered  as 
a fpecies  of  combuftion,  in  which  the  lungs 
fupply  the  fuel  and  force  the  air  upon  it ; 
and  in  which  the  extricated  Caloric  is  dif- 
fufed  through  the  fyftem  by  the  circulating 
blood ; none  of  it  efcaping,  as  in  rapid  com- 
buftions,  in  the  form  of  Light. 

pr.  Crawford  acknowledges  that  if  Ca- 
loric 
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loric  be  chemically  combinable  with  bodies, 
his  menfurations  of  it  are  clefedllve. 

If  the  matter  of  Caloric  and  Light  be  the 
fame,  all  the  menfurations  of  Caloric  from 
flaming  and  glowing  bodies  are  alfo  defective  : 
and  on  both  thefe  grounds,  excluflve  of 
others  which  we  need  not  mention  at  pre- 
fent ; the  comparative  efliimates  of  the  Calo- 
ric of  burning  bodies,  and  of  refpiration,  are 
to  be  confldered  only  as  approximations  to 
the  true  quantities. 

The  experiments  of  Mr.  Lavoisier  and 
De  la  Place  with  their  Calorimeter,  and 
thofe  of  Dr.  Crawford  with  a did'erent  in- 
flrument,  agree  fufficiently  to  fliew  that,  the 
quantities  of  oxygen  gas  being  equal,  more 
heat  is  produced  in  the  combuflioii  of  Hy- 
drogen gas  and  Phofphorus,  ttian  in  that  of 
Carbonated  hydrogenous  bodies  which  yield 
Carbonic  acid  gis  and  a little  water;  and 
more  in  the  combuflion  of  thele,  than  in 
that  of  Charcoal,  whicii  may  be  faid  to  yield 
carbonic  acid  gas  only. 

This  is  perfectly  conflflent  with  our  know- 
ledge of  the  quantity  of  Caioric  combined 
in  gafles,  and  necefl'ary  to  the  gaflecus  flate 
of  the  carbonic  acid  of  thefe  combuitions. 
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In  like  manner  thefe  excellent  Philofophers 
meafured  the  heat  produced  during  the  con- 
fumption  of  oxygen  gas,  by  Guinea-pigs  5 
and  due  allowance  being  made  for  the  heat 
carried  off  with  tlie  perfpiration  of  thefe 
animals,  their  experimets  agree  fufficiently 
to  prove  that,  the  quantities  of  oxygen  gas 
being  equal,  the  heat  produced  by  refpira- 
tion,  is  nearly  equal  to  that  of  the  combufllon 
of  oily  bodies,  which  yield  a little  water 
along  with  the  carbonic  acid  gas  in  thi^ 
procefs. 

The  quantity  of  oxygen  gas  confumed  by 
a man,  in  refpiration,  is  found  to  be  nearly 
equal  to  that  confumed  by  a candle  in  the 
fame  time.  And  thus  a man  derives  as  much 
heat  continually  from  the  air  which  he 
breathes,  as  is  produced  by  the  burning  of  a 
candle. 

It  is  therefore  fufficiently  evident  that  ani- 
mals derive  their  heat  from  the  air,  or  to 
fpeak  more  ftridly,  from  the  Caloric  of  the 
decompofed  oxygen  gas  of  the  refplred  air  ; 
whether  this  decompofitlon  be  effeded  in  the 
Bronchial  air-veflels  only,  or  partlv  in  the 
fmguiferous  veflels  throughout  the  fyllem, 
ill  confequence  of  the  entrance  of  a portion  of 
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the  oxvgen  into  the  blood  velTels  of  the 
lungs.  ' This  laft  is  not  at  all  admitted  by 
Dr.  Crawford. 

This  knowledge  of  Refpiration,  and  The- 
ory of  Animal  heat,  affords  many  iatisfaflory 
explanations  and  uieful  inferences  ; a few  in- 
ftances  of  which  are  now  to  be  mentioned. 

The  temperature  of  animals  wdiich  are  fur- 
nifhed  with  lungs,  and  continually  refpire 
frefh  air,  is  confiderably  higher  than  that  of 
the  furrounding  atmofphere  ; vvhilfl  animals 
which  are  not  fo  furnifhed,  and  amphibious 
animals  which  require  but  a little  air  at  long 
intervals,  are  nearly  at  the  temperature  of  the 
medium  in  which  they  live;  becaufe  the 
heat  is  proportionate  to  the  quantity  of  oxy- 
gen gas  refpired  and  decompoled. 

For  the  fame  reafon  the  breathing  animals 
which  have  the  largeft  lungs  are  the  warm- 
eft  ; and  birds  exceed  all  animals  of  equal 
ftze,  in  their  natural  temperature. 

Joy,  Anger,  Exercife,  and  whatever  ac- 
celerates the  return  of  the  blood,  and  com- 
pels animals  to  breathe  oftener,  encreales  their 
temperature. 

When  the  temperature  of  an  animal  is 
jncreafed  by  quick  refpiration,  or  by  tlie  af- 
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finance  of  a warm  medium  ; the  exhalation 
from  the  lungs  and  the  whole  furface  of  the 
body  is  at  the  fame  time  encreafed,  and  the 
further  augmentation  of  the  heat  is  thereby 
prevented. 

When  the  heat  of  an  animal  is  quickly 
difiipated  in  a cold  medium,  as  in  frolfy 
weather  ; the  denfer  air  fupplies  oxygen  gas 
njore  abundantly,  in  each  refpiration ; the 
conAruction  of  the  extreme  veffels  caufes 
a quicker  return  of  the  blood  to  the  heart, 
and  urges  to  a quicker  refpiration  ; and  the 
cold  caufing  a Aridlure  of  the  perfpiratorv 
organs,  leflens  the  expenditure  of  heat  by 
thefe  channels,  whilft  the  generation  of  it  is 
increafed  by  the  preceding  caufes.  The  Ani- 
mal at  the  fame  time  affedls  exercife,  or  avoids 
the  current  of  air  when  it  is  extremely  cold. 

Adlive  men  fuffer  nothing  from  cold  air, 
in  comparifon  with  the  fedentary  or  indolent ; 
for  the  mufcular  motion  of  the  former,  acce- 
lerates their  circulation,  refpiration  and  ge- 
neration of  heat ; whilft  the  latter,  refpiring 
weakly  and  flowly,  become  languid  and  chil- 
led, and  feeking  (helter  from  the  cold  air  ; in 
clofe  places,  and  confequently  in  air  which  they 
fpon  vitiate,  become  enervated  pale  and  lickly. 

The 
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The  rational  refource  In  a cafe  of  this  kind, 
conlifts  in  warm  cloathlng ; if  excfcife  can-* 
not  be  attained. 

As  the  maintenance  of  the  animal  fundions, 
the  vicJ'our,  the  circulation,  the  florid  colour 
of  the  blood,  and  the  fluidity  of  it,  depend 
in  a great  mealure  on  the  free  and  full  refpi- 
ration  of  unvltiated  air ; the  countenance  of 
the  Peafant  is  florid  in  comparifon  with  thofe 
of  the  luxurious  ; who  enjoying  but  little 
of  the  Light  of  the  fun,  and  of  the  falubrious 
morning  air,  live  in  rooms  highly  illuminated 
and  contaminated  with  candles  and  refpira- 
tion,  and  fltep  in  air  confined  by  curtains. 

Since  the  caloric  extricated  in  refpiration, 
is  adequate  to  the  produflion  and  maintenance 
of  Animal  heat  : fince  the  heat  of  animals  is 
proportionate  to  the  oxygen  gas  decompofed  ; 
and  fince,  in  the  fame  animal,  the  heat  en- 
creafes  and  decreafes  with  the  confumption  of 
the  gas:  we  have  the  ftrongefl  phyfical  proofs 
that  animal  heat  is  derived  from  the  Caloric 
extricated  during  the  oxygenation  of  animal 
matter  in  the  Bronchial  ramifications,  and  per- 
haps in  the  languiterous  veflels. 

It  is  by  no  means  neceflary  to  the  fupport 
pf  this  do6:iine  of  Animal  Heat,  that  we 
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ihould  follow  Dr.  Crawford  in  his  opinion 
that  none  of  the  oxygen  enters  the  blood ; 
or  in  his  fuppofition  that  Caloric  is  not  ex- 
tricated from  the  blood  or  from  combuftible 
fubflances,  during  the  procefles  of  refpiration 
and  combuftlon. 

The  Experimenter  expefls,  it  will  hereafter 
appear,  that  the  proofs  of  the  combinations  of 
Caloric  in  blood  and  in  combuftible  bodies, 
are  too  ftrong  to  be  combated  by  the  men- 
furations  of  Capacities  for  heat,  which,  how- 
ever fpecious  and  ingenious,  are  very  excep- 
tionable, if  not  very  fallacious. 

The  Count  De  Milly,  Mr.  Fouquet 
and  others  have  obferyed  that  Carbonic  acid 
gas  tranfpires  from  the  whole  furface  of  the 
body,  along  with  the  aqueous  perfpirabie 
matter ; and  it  would  be  repugnant  to  general 
Analogy,  and  to  our  knowledge  of  the  flruc- 
tiire  of  the  lungs,  to  fuppofe  that  the  like 
perfpirabie  matter  does  not  ifiue  more  copi- 
oufly  from  the  Bronchial  furfaces,  independ- 
ently of  the  refpiration  of  the  moment. 

Dr.  Crawford’s  menfurations  of  the  Car- 
bonic acid  gas  of  refpiration,  were  taken  from 
experiments,  in  all  which,  the  animal  not  only 
breathed  but  perfplred  in  tlie  confined  air  or 
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oxv^en  gas.  Thefe  were  therefore  apt  to  ex- 
hibit more  than  the  quantity  of  Carbonic  acid 
gas  recently  produced  by  the  refpiratioii 
merely. 

He  neverthelefs  found  that  the  whole  of  it 
was  lulufficient  to  account  for  the  oxygen  gas 
con  fumed  ; and  being  averfe  to  the  opinion 
that  fome  of  the  oxygen  entered  the  jung^ 
and  pafled  into  the  circulating  blood,  he  con- 
cluded that  1.7,  or  I of  the  oxygen  ga^ 
was  expended  in  the  formation  of  water. 

The  Experimenter  had  two  years  before 
{fated  an  expenditure  of  this  kind  at  t of  the 
oxygen  gas ; fuggefting  at  the  fame  time,  that 
a portion  of  it  entered  the  blood.* 

He  is  now  of  opinion,  that  the  experl-* 
ments  to  be  made  with  a new  inftrument, 
will  (hew,  that  in  refpea:  to  the  refpiration 
of  man,  the  truth  lies  between  thefe  extremes, 

t Experiments  and  Obfervatlons,  1786,  page  352. 
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In  the  experiments  of  the  laft  meeting, 
the  efFed  of  preffure  is  to  be  particularly  no- 
ticed. Under  the  greateil:  prellure  the  oxy- 
gen was  confumed  in  lefs  than  half  the  time 
of  the  fmalleft  ; although  the  excefs  of  the 
former  above  the  latter,  was  much  lefs  than 
that  which  men  experience  in  the  common 
changes  of  weather. 

The  Bronchial  furfabes  expofed  to  the  oxy- 
gen gas,  and  the  ilrubture  of  the  lungs,  be- 
ing the  fame  in  thefe  experiments,  the  great 
difference  in  the  expenditure  of  oxygen  gas, 
cannot  be  eafily  accounted  for,  unlefs  by  ad- 
mitting that  fome  oxygen  enters  the  blood 
veffels,  and  that  this  percolation  is  accele- 
rated by  prefjure. 

But  if  the  percolation  be  doubled  by  fo 
fmall  an  increafe  of  preffure,  it  is  highly  pro- 
bable, that  in  ordinary  refpiration  and  under 
the  ufual  preffure  of  the  atmofphere,  oxygen 
gas  conftantly  pafles  into  the  blood  in  lome 
fmaller  quantity,  and  that  the  fluidity 
and  florid  colour  which  the  blood  acquires 
ill  the  lungs,  is  produced  rather  by  the  oxy- 
gen which  it  has  received,  than  by  any  thing 
which  It  has  emitted  from  the  lun^s. 

By  the  aid  pf  the  inftrument  which  Is  pre^ 
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fently  to  be  fliewn,  it  is  expelled  that  the 
doubts  which  envelope  this  fubjedl  will  be 
cleared  ; and  that  the  oxygen  gas  will  be 
found  to  minifter  to  health  and  life,  by  the 
Caloric  which  it  imparts  to  the  blood  in  the 
lungs  and  in  the  arterial  fyftem,  by  the  ac- 
tion of  its  bafe  in  the  blood,  and  by  the  ab- 
flradllon  of  Carbonic  and  Hydrogenous  mat- 
ter from  the  lungs. 

Ill  the  mean  time  it  may  be  remarked  that, 
without  any  diftinfl  knowledge  of  the  effect 
of  preffure  on  the  air  in  refpi ration,  Men,  as 
it  were  inftiiKSlively,  praftife  it  under  debility, 
languor,  grief  and  pain. 

Inflead  of  refpiring  quickly  to  augment  the 
beat  in  the  lungs,  and  accelerate  the  circula- 
tion, they  have  recourfe  to  fighing  and  fob- 
bing. In  fighing  the  breaft  is  highly  raifed 
to  draw  a long  and  full  infpiration  ; the  air 
is  retained  and  compreffed  for  a fecond  or 
two,  and  is  then  expelled  by  a forced  expi- 
ration. In  fobbing,  the  air  compreffed  in 
the  fame  way,  meets  frequent  concuflions 
from  the  fpafmodic  agitations  of  the  bread. 
A deep  figh  brings  the  quickcft  relief  to  an 
oppreffed  heart : and  in  the  lad  efforts  to 
maintain  the  vital  fpirit,  a man  breathes  with 
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ah  elevated  breaft,  and  in  compreffing  tbe 
air,  makes  an  interrupted  and  fonorous  or 
groaning  eXpiratioiii 

The  hopes  entertained  in  refpe£l:  to  the 
medicinal  ufe  of  oxygen  gas,  are  heightened 
by  the  probability  of  its  acting  in  the  fvftetn, 
beyond  the  lungs ; and  flill  more  by  the  ex- 
periments which  prove  that  its  effefls  may 
be  encreafed  to  a very  great  degree,  by 
prellure. 

Jn  the  temperate  and  northern  climates^ 
men  are  afiiifled  with  the  gout,  whether  they 
live  in  the  country  or  in  town,  on  vegetable 
or  on  animal  food,  in  warm  or  in  light 
cloathing.  The  bell  means  of  averting  the 
gout,  are  generally  known  to  confifl:  in  daily 
habitual  exercife  and  temperate  living.  Be- 
tween thefe,  and  violent  exertions,  by  hunt- 
ing or  play  fucceeded  by  fudden  reft  reple- 
tion and  intemperance,  there  is  no  phyftolo- 
glcal  fimilitude.  On  this  fubjedf  it  may  be 
further  obferved,  that  amongft  men  living  in 
the  fame  air,  on  the  fame  diet,  and  with 
equal  temperance  ; thofe  only,  whofe  daily 
occupation  caufes  a compreflion  and  concuf- 
fion  of  the  infpired  air,  are  certainly  exempt- 
ed from  the  gout. 
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Combination  of  Hydrogen  and  Oxygen  to  form 
Water,  and  extricate  Caloric, 


IH  E Apparatus  of  Mr.  Lavoisier  for  this 
purpofe,  is  liable  to  many  objections. 

It  is  a work  of  great  danger  to  exhauft  a 
feven  gallon  glafs  balloon  of  air  ; and  the  ex- 
hauftion  cannot  be  compleated,  for  this  expe- 
riment, without  admitting  oxygen  gas,  and 
repeating  the  exhauftlon. 

The  apparatus  is  complex  and  expetifive 
becaufe  it  requires  two  gazometers  at  leaft,  to 
fupply  the  Hydrogen  and  Oxygen  gaffes. 

Thefe  inftruments  with  their  appendages, 
are  too  heary  to  balance  with  accuracy  ; and 
the  extent  of  water  and  metal  which  they 
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prefent  to  the  gaffes,  tends  to  alter  the  purity 
and  volume  of  them. 

Thefe  and  other  ineonveniences  are  obvia- 
ted by  the  inftrument  reprefented  in  Plate  I. 
fig.  I.  The  drawing  from  which  this  was 
engraved  w’as  ingenioufly  devifed  and  ably 
executed  by  Sir  Fred.  Eden,  Baronet.  And 
as  it  was  taken  by  the  fcale  reprefented  in  this 
plate,  the  dimenfions  are  omitted  in  the  fol- 
lowing defcription. 

A B C is  a light  globular  veffel  of  flint 
glafs,  fliaped  in  the  manner  of  an  adopter,  and 
having  the  narrow  necks  A and  B oppoflte  to 
each  other.  The  lower  part  of  the  adopter  is 
drawn  out  at  C to  form  the  conical  tube 
C « D,  which  is  provided  with  a brafs  flop 
cock  at  the  lower  extremity.  The  fquarc 
mahogany  frame  F G ffands  parallel  with  the 
horizon. 

Near  the  end  K L of  a long  mahogany 
board,  the  brafs  rod  M N is  fere  wed  fo  as  to 
ftand  upright.  In  order  to  make  this  rod 
ffand  firmly,  it  is  provided,  near  the  end 
M,  w^lch  a ihoiilder,  which  meets  the  brafs 
plate  M Oi  when  the  rod  is  ferewed  into  it ; 
the  fquare  brafs  plate  M O being  faftened  at 
each  angle  to  the  board  with  ferew  nails. 
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fri  the  fame  m’anher  the  'brnfs  rod  P QJs 
Faftened  at 'this  Other  end 'of  the  mahogany 
beard  K L,  which  end  cannot  be  fe'eii  in 
this' view  of  the  apparatus;  Thefe  upright 
brafs  rods  ftanding  parellel  with  each^other, 
pafs  through  the  I'quare  mahogany  frame 
R.’G  at  H and  li  fo  'that  the  frame  may  be 
flidden  upwards  or  downwards  upon  the  brafs 
rods.  ' 

At  edch  hole  in  this  mahogany  'frame, 
through  which  the  upright  rod  pafles,  a brafs 
focket  H a is  fcrewed  to  the  lower  furface  of 
the  frame,  fo  that  the  brafs  rod  may  pafs 
; freely  through  the  focket  and  the  frame.  In 
order  that  the  frame  may  be  fixed  at  any 
elevat’oil,  the  brafs  focket  is  provided  with  a 
tranfverfe  fcrew  between  H and  a,  by  which 
the  rod  may  be  preffed  ^gainft  the  oppofite 
fide 'of  the  focket  and  faftened  to  it,  fo  as  to 
keep  the  focket  and  frame  in  the  required  po- 
fition.  The  oppofite  fide  of  the  .frame,  near 
I,  is  in  like  manner  provided  with  a focket 
and  fcrew  which  the  prefent  view  of  the 
inffrument  cannot  exhibit. 

The  veffel  Q^ontaining  water,  has  a tube 
fixed  in  the  center  of  its  bottom  and  perpen- 
dicular to  it.  This  tube  being  open  at  the 
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bottom  and  clofed  at  the  eti  dQ.  receives  the:^ 
brafs  rod  I Q^and  Aides  on  it,  fo  that  the 
water  veAel  may  be  fuAained  at  any  conveni- 
ent height.  This  veAei  Q^being  provided 
with  the  ftop  cock  the  water  may  be  made 
to  trickle  quickly  or  Aovvly  from  the  veffel 
OjLipon  a piece  of  muAin  c c c,  by  which  it 
is  fpreaded  over  the  whole  furface  of  the 
adopter  A B,  from  which  It  defeends  by  the 
tube  C D,  into  the  fquare  trough'  E D,  after 
having  ferved  to  cool  the  adopter,  dd  d\s2^ 
glafs  funnel  cemented  into  a brafs  cap  at  df, 
from  which  the^tranfverfe  tube  y*  e,  which 
rs^  provided  with  a ftop  cock,  may  deliver  the 
hydrogen  ga;3  of  tlie  funnel  d d d into  the 
adopter  A B,  through  the  ftender  extremity 
at  which  eonfifts  of  Iron,  left  it  fnould  be 
melted  or  clofed  by  the  flame  of  the  hydro* 
gen  gas.  Under  the  oppofite  neck  of  the 
adopter,  ftands  the  funnel  a g gy  intended 
to  receive  oxygen  gas,  and  to  deliver  It  by  the 
courfe  a A by  into  the  adopter  A B ; in  order 
to  maintain  the  coinbuftion  of  the  hydrogen 
gas.  Through  a collar  of  leather  Axed  in 
the  tube  between  / and  A,  an  iron  wire 
paffes  bent  in  the  direflion  / h e.  The  end 
of  this  wire  at  is  diftant  from  the  end  of. 
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tlie  tube  Which  fupplies  the  hydrogen  gas, 
by  t-8th  of  an  inch,  when  the  wire  ftands 
in  this  pofition,  to  deliver  the  eledlrical  fpark 
and  inflilme  the  hydrogen  gas  the  moment  it 
iffues.  The  end  of  the  wire  at  /,  is  fcrewed 
into  a fiiiall  brafs  ball  /,  by  which  it  receives 
cle<Sl:rical  fparks  from  the  larger  ball  k of  an 
electrical  conduClor.  As  often  as  the  eleCtric 
matter  is  made  to  flrike  from  the  ball  k to 
the  ball  /,  the  like  fpark  ftrikes  from  the  end  of 
the  wire  at  e to  the  tnouth  of  the  (lender  tube 
f e ; and  by  this  fpark^  the  hydrogen  gas  if- 
fuing  in  the  courfe  dfe  \s  inflamed  inftantly 
as  it  meets  the  oxygen  gas  in  the  adopt-* 
er  at  e. 

The  funnel  containing  oxygen  gas,  enters 
water  to  the  depth  of  three  or  four  inches, 
in  the  veflel  R S ; the  fize  of  which  admits 
a pint  bottle  of  gas  to  be  Introduced  under 
the  funnel  and  entirely  delivered  into  it 
through  the  water.  The  veflel  T U ferves 
in  like  manner  for  the  fupply  of  hydrogea 
gas  to  the  funhel  d d dk 

When  it  is  intended  to  accelerate  the  com- 
buftion  of  the  gafies,  nothing  more  is  necef- 
' fary  than  to  keep  the  hydrogen  funnel  filled 
with  gas,  (b  that  it  may  be  prefled  upwards 
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l)y  a column  of  three  or  four  inches  of  water  ; 
and  at  the  fame  time  to  fupply  the  oxygea 
funnel  fo  flowly,  that  the  water  (hall  rife 
in  Tt,  above  the  common  level,  five  or  fix 
inches.  In  the  contrary  circumftances 
the  combuffion  may  be  retarded  at  plea- 
iure  : but  care  mufi;  be  taken  all  the  while, 
that  the  hydrogen  gas  fhall  ifiTue  in  a con- 
tinued ftream,  and  that  the  flame  fliall  be 
maintained  ► 

As  it  Is  necefiary  that  the  adopter  fhould 
be  firmly  ferewed  to  the  fquare  mahogany 
frame,  and  yet  eafily  feparable  from  it,  pro- 
vlfion  Is  made  for  thefe  purpofes  by  the  fol- 
lowing mechanifm. 

Plate  I.  fig.  2.  reprefents  this  mechanifm 
on  a larger  fcale.  a b c \s  the  curve  of  the 
neck  through  which  the  hydrogen  gas  is  to 
be  introduced  into  the  adopter.  The  lip  at 
c flrengthens  this  mouth  of  the  adopter,. 
^ ^ Is  the  external  projefting  part  of  the 
glafs  ftopper  which  is  accurately  ground,  to 
flop  this  mouth.  This  ftopper  being  ground 
to  a fmaller  diameter  between  e and  is 
there  cemented  into  the  brafs  cap  f g. 

The  flendcr  tube  h /,  which  is  to  deliver 
the  hydrogen  gas,  is  continued  through  the 
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fflafs  (lopper  until  it  communicates  ty 
the  p^flage  in  the  cock  / and  the  cap  k 
U’lth  the  funnel  m n. 

0 p q r reprefents  .the  part  of  the  mahogany 
frame,  in  which  this  neck  which  is  to  tranfmit 
ithe  hydrogen  gas^  is  imbedded  midway  be- 
tween 0 and  r. 

The  brafsnlip  j//  (huts  upon  this  neck  of 
the  adopter,  and  prefles  it  to  the  mahogany 
frame  by  the  fcrew  whofe  head  fp reads  to  u. 
This  brafs  clip,  at  the  end  fartheft  from  /, 
is  fcrewed  to  the  fquare  mahogany  frame  in 
the  fame  way. 

To  keep  the  ftopper  e d firm  in  the  nech 
of  the  adopter  and  immoveable,  the  femi- 
circular  .clip  ^ ^*1;  embraces  the  brafs  cap^*^ 
arid  meets  the  (houlder  of  the  glafs  (lopper 
e d.  From  this  clip  two  brafs  pins  enter 
the  piece  w x y,  which  being  drawn  to  the 
mahogany  frame  p q hy  the  fcrews  z z, 
forces  the  clip  ^ n againft  the  glafs  ftopper 
e d,  and  thus  fallens  this  (lopper  firmly  in 
the  neck  of  the  adopter. 

By  the  like  mechanifin  the  oxygenous 
funnel  a i c,  fig.  communicates  by  a nar- 
row palfage  with  the  cavity  of  the  adopter 
d f g around  the  wire  e\  and  this  neck  of 
the  adopter  is  fafiened  to  the  frame  h ik,  on 
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the  face  / / near  i ; vvhilft  the  glafs  ftoppej? 
on  this  fide  is  preffed  and  ferevved  by  clips 
and  ferews  fimilar  to  thofe  on  the  oppofitc 
fide  of  the  mahogany  frame. 

This  figure  more  difiindly  reprefents  the 
brafs  ball  m,  which  receives  *the  electrical 
fparks  and  communicates  therp  to  the^  bent 
wire  mde. 

It  alfo  more  clearly  reprefents  the  tranf- 
verfe  ferew  at  by  which  the  wire  mde 
may  be  retained  in  the  required  portion. 

, The  wire  mde  being  moveable  on  its 
axis  m d,  in  a collar  of  leather  well  greafed, 
the  brafs  ball  m is  turned  round,  when  the 
hvdrogen  gas  has  been  inflamed  by  the  elec- 
trical fparks  ; and  the  wire  mde  turning 
with  the  brafs  ball  the  end  e of  the  wire 
is  removed  to  one  fide  and  to  a diftance  front 
the  flame  of  the  hydrogen  gas. 

Previous  to  the  ufe  of  this  inltrument  the 
funnels  are  to  be  ferewed  off;  the  oxygen 
funnel  at  0/,  fig.  3,  the  hydrogen  funnel  at 
a h,  fig.  2. 

The  adopter  fiill  carrying  its  ftoppers,  is 
to  be  taken  from  the  mahogany  frame,  and 
the  hydrogen  ftopper  being  removed,  is  to 
be  rinfed  with  diflilled  water.  The  hydro- 
gen fiopper  being  replaced,  the  adopter  is  to 
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<!ra!H,  in  the  pofition  reprefeivted  at  fig.  i, 
the  ftop  cock  of  the  tube  C D being  left 
open!  After  this  time  the  adopter  with 
its  ftoppers  and  included  air,  are  to  be 
weighed. 

The  hydrogen  ftopper  being  then  remov- 
ed, the  adopter  is  to  be  filled  with  diftilled 
water  at  *54.50  and  the  hydrogen  ftopper  is 
to  be  replaced,  -without  including  any  air. 

By  the  weight  of  the  water  which  thus 
fills  the  adopter,  its  capacity  m cubic  inches, 
is  to  be  afceitainedi 

The  hydrogen  ftopper  is  now  to  be  taken 
out  and  dried,  and  oxygen  gas  is  to  be  in- 
troduced into  the  adopter,  until  the  water  is 
totally  excluded ; the  gas  in  the  mean  time 
fuftaining  the  prefture  of  a two  inch  column 
cf  water. 

An  aftiflant  ftopping  the  mouth  of  the 
adopter,  under  the  water  with  his  finger,  is 
now  to  raife  it  up,  and  prefent  it  to  the  expe- 
rimenter, in  the  pofition  of  fig.  i,  in  order 
that  he  may  quickly  introduce  the  hydrogen 
ftopper. 

The  gas  being  retained  in  a ftate  of  com- 
preflvon  by  the  afliftant’s  finger;  and  th« 
neck  thus  flopped,  being  an  inch  and  an  half 
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ill  length,  and  only  half  an  inch  jirthe  c|ear 
diameter,  the  flqpper  expels  its  bulk  <pf  th^ 
gas,  when  it  is  introduced  ; and  no  air  can 
entef  contrary  tq  this  cprrent  pf  the  gas, 
provided  the  flopper  be  inferred  at  the  iu- 
flant  \vhen  the  affiftant  Aides  off  his  finger. 

The  adopter  now  charged  with  confined 
oxygen  gas  is  to  be  faftened-  to  the  fram^ 
F G,  fig.  r,  and  the  funnels  are  to  be  fcrew- 
ed  on.  : 

To  prevent  the  hydrogen  tube,  which  eiix 
ters  the  adopter,  from  introducii^g  fo  much 
as  of  a grain  of  atmofpheric  air  ;;  oxygen 
gas  is  |:o  be  fucked  through  it,  fiom.  tho 
fmaller  extremity  and  when  it  is  filled  with 
this  gas  only,  tfie  cock  is  to  he  flopped. 
The  capillary  aperture  at  b,  fig.  2, .-is  too  fraaU 
to  admit  any  mixture  of  atmofpheric  air  with, 
the  gas  in  this  Aender  tube,  in  the'.-fhort  time 
allowed  for  replacing  the  Appper. 

The  funnel  a ^ fig.  i,  which  was  late- 
ly fprewed  on,  contains  air  confined  by  wa- 
ter. This  air  is  to  be  fucked  away,  by, 
means  of  a .Aender  inverted  Syphon  ; and  in 
order  that  Jio  air  may  remain  in  the  neck  , of 
the  funnel,  oxygen  gas  is  to  be  repeatedly 
introduced  and  Aicked  out.  Then  it  is  to  be. 
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cbargediWith  oxygen  gas,  and /the*flop-cocfc 
is  to  be  opened,  to  ..allow,  a fre.e  communi- 
cation between  the  gas  in  the  funnel  and  that 
of  thie  adopter.  .\.i 

When  the  water  has  drained  from  the  in*^ 
ternal' hnface  of.  the  adopter,  for  24  hours, 
and  has  gathered  in  the  tube  G D,  it  is  to 
be.  pafled  off  by  opening  the  cock  D, 

The. extremity  of,  this  cock,  in  the  mean 
time,  is;  to  touch  the  furface  of  the’ water  in 
the  veffel  E D,  but  not  to  fink  in  it.  For 
thus,  upon  opening  this  cockj  the  oxygen 
gas  in  the  adopter  and  funnel  loon  accommo- 
dates itfelf  to  'the  prefent  temperature  and 
prefiure  of  the  external  air,  which  are  to  bo 
noted. 

When  this  is  done  the  cock  is  to  be 
flopped. 

The  water  which  confines  the  oxygen  gas 
in  the  oxygen  funnel  wiH  now  be  found  to 
have  prefled  into  the  funnel  to  the  height  of 
two  or  three  inches  and  to  a level  with  the 
water  around  the  funnel. 

The  capacity  of  this  funnel  at  different 
heights  being  previoufly  afeertained  and  mark- 
ed on  it,  and  the  quantity  of  oxygen  gas  con- 
fined ^he  adopter  and  funnel  being  • now 
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Itnowti;  the  water  around  the  funnel  Is  to 
be  drawn  off,  until  its  furface  is  two  or  three 
inches  lower  than  that  of  the  water  in  the 
funnel.  The  purpofe  of  this  meafure  is,  to 
facilitate  the  intended  entry  of  hydrogen  gas 
from  the  hydrogen  funnel  into  the  adopter* 

The  funnel  d d hg.  i,  now  contains  air 
confined  between  the  water  in  the  veflel 
T U and  the  flop-cock  above  it.  This  air  is 
to  be  fucked  out : and  hydrogen  gas  is  to  be 
Repeatedly  introduced  and  fucked  out,  as  was 
done  by  the  oxygen  gas  of  the  oppofite 
funnel. 

Then  this  hydrogen  funnel  is  to  be  filled  to 
the  lip  with  meafured  quantities  of  the  hy- 
drogen gas  which  is  to  be  employed  in  the 
experiment;  fo  that  it  may  be  comprefled 
by  a column  of  about  four  inches  of  water. 

Every  thing  being  now  prepared  for  the 
entry  of  the  hydrogen  gas  into  the  adopter 
containing  oxygen  gas  ; the  condu£lor  m k is 
to  be  charged  by  an  ele<$l;rica]  machine  which 
aAs  vigoroufly.  Whilft  fparks  pafs,  in  quick 
fuccefiion,  from  k to  and  from  the  end 
of  the  wire  h e,  to  the  point  e of  the  flender 
tubejf  c,  the  cock  bet  weeny  and  ^ is  to  be 
opened  quickly  ; fo  that  the  very  firfl  por- 
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tion  of  hydrogen  gas  iffulug  at  e,  may  b« 

inftaiitly  inflamed. 

When  the  flame  appears,  the  wire  / h e is 
to  be  turned  on  its  axis,  until  the  point  c 
is  fufficiently  diftant  from  the  flame. 

The  combuftion  may  at  any  time  be  acce- 
lerated by  increaflng  the  column  of  water 
which  prefles  the  hydrogen  gas  ; and  by  lel- 
fening  the  preflu  re  on  the  oxygen  gas. 

Water  is  now  to  trickle  from  the  veflel 
upon  a piece  of  muflin  c c r,  which  fpreads 
it  on  the  adopter.  The  water  which  has 
thus  ferved  to  keep  the  adopter  cool,  trickles 
into  the  veflel  which  ftands  under  it ; from 
which  it  is  to  be  occafionally  returned  into 

the  veflel 

During  the  confumption  of  the  gafles  by 
the  combuflion,  meafured  quantities  are  to 
be  gradually  introduced  into  the  proper  fun- 
nels I great  care  being  taken  all  the  while  that 
different  gafles  may  not  be  delivered  into  the 
fame  funnel ; for  this  w'ould  caufe  a dan- 
gerous explofion, 

When  the  procefs  of  combuftion  Is  to  be 
interrupted,  the  cock  which  admits  the  hy- 
drogen gas  is  to  be  quickly  ftopped.  The 
flame  ceaflng,  the  ve^ejs  cool ; the  oxygeu 
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gas  and  aqueous  "vapour  contra(J\  ' their  vo- 
lume ; and  the  water  in  the  oxygen  fuipnel 
tifcs  towards  the  brals  cap  op,  fig.  3.  ^ At 
this  moment'  the  fiop-cock  of  this  funnel 
is  to  be  fliut,  to  prevent  the  w'ater  from  rifing 
h'lgher  than  the  cap^ 

When  the  procefs  is  to  be  renewed,  the 
oxygen  funnel  is  firft  to  be  charged  with 
oxygen  gas,  and  the  cock  is  to  be  opened. 

The  hydrogen  funnel  is  next  to  be  charg- 
ed. The  wire'  / ^ ^ is  to  be  turned  to  its  firft 
pdfition.  Whilft  electrical  fparks  pafs  quick- 
ly from  it  to  the  point  of  the  hydrogen  tube, 
the  cock  of  the  hydrogen  funnel  is  to  be 
opened ; and  when  the  flame  appears,  the 
wire  i h fig.  1,  is  .to  be  turned  as 
before. 

Thus  the  combuflion  may  be  carried  011 
for  many  days  ; or  may  be  flopped  and  re- 
newed at  pleafure. 

In  order  that  the  e]e<flrical  fparks  may 
llrike  quickly  and  vigorouOy,  between  the 
wire  and  the  tube  at  it  is  expedient  that 
one  end  of  a {lender  brafs  wire  fhould  be  fix- 
ed to  the  ball  or  ferew  of  the  cufhion  of  the 
eleClrical  machine  ; and  that  this  wire  palling 
under  the  board  K L,  fltould  be  faflened,  by 
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the  other  end,  on  the  brafs  cap/  of  the  hy» 
drogeii  funnel  ^ ^ - 

Since  the  gafles  are  not  to  be  conhdered  as 
ablolutely  free  from  azotic  gas,  however 
nearly  they  may  approach  to  purity ; the 
quantity  of  azotic  'gas  colle6led  in  the  adopter, 
after  the  combuftion  has  been  continued  for 
a long  time,  will  neceflarily  reduce  the  elas- 
tic fluid  in  this  vcflel,  to  the  condition  of 
atmofpheric  air.  After  this  time,  the  flame 
becomes^  \yeaker,  and  is  to  be  carefully 
watched  ; in  order  that  the  cock  of  the  hy- 
drogen funnel  may  be  flopped  before  the 
flame  is  extlngulflied.  For  otherwlfe  fome 
hydrogen  gas  will  pafs  unaltered  into  the 
adopter,  and  will  be  confounded  with  the 
azotic  gas,  from  which  it  is  not  eafily  fepa- 
rable. 

When  the  procefs  is  terminated,  the  quan-- 
fity  of  hydrogen  gas  remaining  in  the  pro- 
per funnel,  is  to  be  determined  by  the  gra- 
dations marked  on  this  veffel ; and  is  to  be 
deducted  from  the  fum  of  the  meafures  of 
hydrogen  gas  employed.  This  funnel  is  then 
to  be  ferewed  ofl.  In  like  manner  the  gas 
remaimng  in  the  oxygen  funnel  is  to  be  mea- 
fured,  with  due  attention,  to  the  level  of  the 
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water,  and  to  the  temperature  and  prefTure 
of  the  air  at  this  tlme^.  The  flop-cock  be- 
ing clofed,  this  funnel  alfo  is  to  be  fcrew* 
cd  off. 

The  adopter  and  the  fioppers  being  now 
in  the  flate  in  which  they  were  formerly 
weighed,  except  that  they  are  charged  with 
the  additional  weight  of  the  water  formed 
from  the  gafles,  are  to  be  weighed  again,  hi 
the  pofition  reprefented  at  fig.  i.  The  ac- 
crued weight  is  to  be  noted,  but  will  flill 
be  fubje<fl  to  the  corredlions  which  follow. 

To  weigh  the  water  thus  formed  more  ac^ 
curately  perhaps,  and  to  examine  the  qua- 
lity, it  mufl  be  drawn  off  from  the  adopter. 
For  this  purpofe  the  adopter  is  to  be  warmed 
by  wrapping  the  upper  part  of  it  in  a hot 
cloth,  after  it  has  drained  for  24  hours. 
A bottle  of  proper  fize  is  to  receive  the  ex- 
tremity of  the  tube  C D,  fig.  i ; and  the  flop 
cock  of  this  tube  being  opened,  the  expanded 
gas  in  the  adopter  will  prefs  all  the  water 
into  the  bottle.  During  the  pafTage  of  the 
water,  the  bottle  is  to  be  held  at  fuch  a 
height,  that  the  orifice  of  the  flop-cock  may 
dip  only  i-8th  of  an  inch  in  the  water ; and 
when  a fingle  bubble  of  gas  from  the  adopt- 
er. 
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cr,  has  Iflued  through  the  water,  the  ftop- 
cock  is  to  be  Inftantly  clofed.  - > 

The  gas  remaining  in  the  adopter  is  now 
to  be  transferred  into  another  veffel,  in  which 
it.  may  be  expofed,  firft  to  lime  water,  fo 
that  any  carbonic  acid  gas  contained  in  it  may 
be  meafured  ; and  afterwards  to  fulphuret  o£ 
lime,  which  will  imbibe  all  the  oxygen  gas^ 
and  leave  the  azotic  gas  in  a ftate  fit  for  men- 
furation. 

The  quantity  of  heterogeneous  matter  in- 
troduced with  the  gafles  during  the  combof- 
tion,  being  thus  dlfcovcred,  a proportionate 
deduction- is  to  be  made  from  the  calculated 
weight  of  the  hydrogen  and  oxygen  ga» 
employed. 

In  weighing  the  adopter,  after  the  com- 
buftion  of  the  gaffes,  it  is  to  be  fufpe<a:ed 
that  the  gas  now  contained  in  it,  is  chiefly 
azotic  gas ; which  is  lighter  than  the  common> 
air  formerly  weighed  with  the  lame  inftru- 
ment.  Any  difference  of  weight  ariling  from 
this  difference  of  the  gafles,  may  ealily  be 
determined,  when  the  quantity  of  reliduary 
azotic  gas  has  been  found  in  the  manner  - 
above  mentioned. 

It  is  obvious  that  the  weighing,  charging, 

and 


( 192  ) 

and  Working  this  apparatus,  and  the  forrhd** 
lion  of  a few  drams  of  water  during'  the 
comhuftlon  of  the  gaffes ; and  the  fubfequeiit 
menfuratibn's^ , muff  have  employed  the  ex- 
perimenter occafionally,  for  many  ’weeks  ; 

and  have  afforded  the  members  of  this  foci-' 

# 

ety  frequent  opportunities  of  obferving  the 
phenomenai 

-But  in  conformity  with  a refolution  of 
the  Committee  of  Publication,  which  will 
appear  hereafter  under  its  proper  date ; the 
iieceflary  defcriptions  are  compreffed  in  thefe 
minutes  of  the  meeting  at  which  the  above 
apparatus  was  firff  exhibited  for  ufe  : and  by 
the  fame  authority,  the  experiments  for 
weighing  Caloric,  are  transferred  from  the 
original  minutes  of  this  and  a preceding 
meeting,  to  be  duly  connedled  with  thofe 
which  were  afterwards  made  on  the  fame 
fubjefl. 

During  the  firff  hour,  of  the  combuftion  in 
this  inftrument,  about  five  pints  of  hydrogen 
gas  were  confumed.  The  flame  was  very 
bright,  but  fcarcely  i^8th  of  an  inch  in 
length  by  i-i 6th  in  diameter.  It  afterwards  ' 
gradually  increafed  to  the  length  of  3-8ths 
of  BA  inch,  during  the  combufflon  of  the  firff 
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twenty-five  pints  of  Hydrogen  gas.  t'or  the 
orifice  of  the  capillary  tube  became  wider 
when  the  narrower  extremity  was  burnt  by 
the  flame.  But  when  the  orifice  became 
blunted  and  coated  with  oxyd  of  iron,  no 
further  enlargement  of  it  took  place. 

It  Was  obferved  by  Mr.'  Forst'eH  and 
other  members  that  the  flame  was  bent  to* 
wards  the  hydrogen  funnel  about  ten  degrees 
from  the  perpendicular  line  in  which  the  tube 
delivered  the  gas.  This  was  at  firfl:  imputed 
to  fome  change  of  figure  produced  at  the 
orifice  by  the  flame  which  heated  it  to  red* 
nefs : but  it  was  foon  after  found  to  be  ow- 
ing to  the  current  of  oxygen  gas  towards  the 
flame. 

The  combuftion  was  carried  on  for  about 
two  hours  at  a time,  on  different  days,  until 
the  column  of  water  in  the  tube  of  the  adopt- 
er was  8|  inches  in  length* 

At  each  of  thefe  times  the  temperature  of 
the  gafles  and  the  height  of  the  barometer 
were  carefully  noted* 

In  the  manner  defcrlbed  by  Lavoisier 
with  great  perfpicuity,  the  volume  of  each 
gas  at  29.85  inches  of  the  barometer,  and 
^4.5'*  of  the  thermometer  was  afcertsiiled  | 
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and  the  weight  of  the  oxygen  gas  confumed 
was  found  to  be  4.16.5  grains,  and  that  of 
the  hydrogen  gas  72.5  grains;  the  weight- 
of  both  being  489  gr.  = i oz.  1 1 dt.  9 gr. 

The  water  produced  from  thefe  gafles 
weighed  487  grains  = l oz.  1 1 dt.  7 gr. ; and 
contrary  to  all  expectation,  had  no  fenfible 
acidity. 

The  combuftion  of  the  hydrogen  gas  dur- 
ing the  laft  minute,  appeared  as  vivid  as  at 
any  former  period;  and  did  not  denote  any 
confiderable  azotic  impurity  of  the  gas. 
From  this  circumftance  and  the  tafte  of  the 
water,  it  was  inferred  that  the  gafles  employ- 
ed were  uncommonly  pure  ; and  that  many 
ounces  of  water  might  be  thus  compofed  in 
this  fmall  inftrument,  before  the  azotic  gas 
Ihould  predominate  fufficiently  to  flop  the 
combuflion. 

The  refiduary  oxygen  gas  in  the  adopter, 
is  flill  preferved  for  future  examination  ot 
its  purity. 

In  this  firfl  experiment  nothing  was  done 
to  abftraClthe  moifture  of  the  gafles,  becaufe 
the  weight  was  to  be  taken  in  the  prefent 
flate  of  them  ; and  the  aqueous  matter  con- 
veyed in  the  gafles  might  eaflly  be  afeertained 

after* 
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afterwards  by  the  accurate  methdds  of  Mr* 
DeLuc  and  Mr.  Saossure* 

It  is  much  to  be  doubted  whethei:  & gas* 
pafiing  in  a continued  current,  from  Lavoi- 
sier’s gazometer  charged  with  water,  through 
coarfe  powder  of  eauftic  vegetable  alkali,  for 
many  hours  or  days,  can  all  be  equally  dry^ 
fo  tliat  the  weight  of  the  whole  may  be  trU* 
]y  calculated  from  that  of  the  fmall  quantity 
which  can  be  accurately  weighed  at  once» 
The  experiments  of  Mr.  Cavendish,  who 
is  the  original  author  of  this  moft  important 
difcovery  of  the  compofitidn  of  water}  dnd 
thofeofMr.  Lavoisier,  Mr.  Meusnier^  and 
fome  others,  all  agree  with  the  foregoing,  in 
Ihewing  that  water  is  a compound  formed  of 
hydrogen  and  oxygeiij  nearly  in  the  proper* 
tion  of  1 5 to  854 

The  quantity  of  Caloric  emitted  from  the 
gafles,  during  the  union  of  their  bafes,  in  this 
combuftioiij  is  much  greater  than  that  eXtri* 
cated  ill  the  combuftion  of  any  other  bodies 
of  equal  weight;  when  meafured  by  the 
Calorimeteri.  But  the  quantity  propelled  iil 
Light,  remains  incalculablCi 

This  compofition  of  water  has  been  ffrong* 
ly  controverted  by  Dr.  PRiEstLy  and  other 
phiJofophefs,  who  have  been  milled  chiefly 
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by  the  ufe  of  impure  gaffes.  For  azotic 
gas  expofed  to  the  flame  in  this  experiment, 
enters  into  a fpecies  of  combuftion  with  the 
oxvgen’  gas,  and  the  bafes  unite  to  form 
nitrous  acid.  This  alfo  is  one  of  the  ftriklng 
dlfcoverles  of  Mr.  Cavendish  ; to  which 
may  be  added,,  that  the  union  is  promoted 
by  the  prefence  of  a fmall  quantity  of  car- 
bonic acid  gas. 

The  French  Academicians  obferved  that 
the  quantity  of  acid  in  the  water  formed  from 
their  gaflreSj  was  lefs  In  proportion  to  the  pu- 
rity of  them.  And  the  experiment  of  this 
Society  fhew’’s  that  an  ounce  of  water  may  be 
compofed,  before  the  very  fmall  quantity  of 
azotic  gas  diffufed  in  fo  much  oxygen 
gas,  can  be  compelled  by  the  flame  into 
the  condition  neceflary  towards  the  union  of 
it  with  oxygen. 

The  oxygen  gas  ufed  in  this  experiment 
was  drawn  from  nitrous  oxyd  of  mercury, 
in  the  manner  formerly  defcribed  in  thefe 
minutes.  The  precautions  ufed  in  prepa- 
ration of  the  hydrogen  gas ; and  the  procefl'es 
for  the  decompolition  of  water,  were  an- 
nounced,for  fubfequent  meetings, 

I 
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f f 

- ^ , 
Defcription  and  Ufe  of  a new  Injirument  for 
' Rejplration, 

jittempts  to  weigh  Caloric* 

The  improved  Apparatus  propofed  at  the 
eleventh  meeting,  for  the  purpolC'  of  truly 
meafuring  the  carbonic  ’ acid  gas  and  the 
water  produced  in  the  refpiratlon  of  air  or 
oxygen  gas,  confifts  of  the  following  parts. 

Plate  11.  fig.  2,  reprefents  the  bell-glafs 
and  tranfverfe  tube  defcribed  in  the  minutes 
of  the  ninth  meeting.  A fedfion  of  this  tube 
is  reprefented  in  fig.  4,  to  fhew  that  the  dia- 
meter of  the  bore  is  the  fame  in  every,  part, 
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left  any  water  ftiould  lodge  in  it  to  produce  a 
rattling  and  ynequal  refpiration. 

abed,  fig.  5,  reprefents  a cylindrical  veftel 
inadeof  thethinneft  tihned  iron,  and  placed  on 
the-  perforated  ftool,  ABC.  Within  this 
veftel,  another  Is  fixed,  which  has  the  ftiape 
of  the  bellrglafs  above  mentiqried,  but  it  is  fo 
much  fmaller  as  to  enter  it  freely.  The  up- 
per rounded  part  of  this  interior  veftel  appears 
at  and  its  fides  below  eg  being  parallel 
with  the  ftdes  a h and  d c oi  the  exterior  vef- 
fel,  the  diftance  between  them  is  about  a 
quarter  of  an  inch. 

The  lip  of  the  interior  veftel  is  fet  off  all 
ground  at  a right  angle  with  the  fide,  to  meet 
the  exterior  veftel  at  b c,  where  it  is  foldered 
to  it,  and  ferves  as  the  bottom  of  the  corn- 
partment  formed  between  the  exterior  veftel 
and  the  interior. 

In  the  feaion,  fig.  6,  this  compartment  is 
fhewn.  abed  reprefents  the  exterior  veftel, 
eh  c g the  interior,  ah  e and  g c d the  com-- 
partment  between  them,  and  b and  c repre- 
fent  the  clofure  or  bottom  of  the  compart- 
ment, in  which  the  bell-glafs  fig.  % 
may  enter  and  move  freely  upwards  and 
downwards. 
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In  the  center  of  the  rounded  top  of  the  in- 
terior veffel  e g,  fig.  5>  (lender  tube  h i 
is  foldered,  The  diameter  of  this  tube,  be- 
ing a quarter  of  an  inch,  the  end  h enters  the 
neck  of  the  bell-glafs  when  it  (lands  in  the 
compartment  above  defcribed,  and  the  end  / 
of  the  (lender  tube  is  cemented  into  the  brafs 
cap  / which  fcrews  to  the  (lop-cock  i k. 

The  fmall  bell-glafs  k I m whofe  neck  is 
cemented  into  the  brafs  cap  k,  fcrews  to  the 
(lop-cock  i k.  All  this  is  more  di(lin£lly  feeii 
in  the  fedlion,  fig.  6,  which  (hews  the  tranf- 
verfe  (lay  b c,  by  which  the  pofition  of  the 
tube  is  fecured  in  the  center  of  the  fpace 
b e g c, 

D E F,  fig.  5,  is  a veffel  containing  water 
to  the  height  but  which  may  be  filled  to 
the  height  k,  ' 

When  the  (lop-cock  i k is  opened,  any 
gas  introduced  into  the  fmall  bell-glafs  at 
/ m is  forced  by  the  water  through  the 
tube  t h, 

D E F is  reprefented  in  this  figure  as  a 
tranfparent  velTel,  to  (hew  the  fmall  bell- 
glafs  k I m.  But  for  ufe,  a tin  trough 
rounded  at  the  ends,  is  more  convenient# 
The  width  of  this  trough  is  fufficient  to  ad- 

N 4 mit 


( 200  ) 

mit  the  fmall  bell^glafs  at  one  end;  the 
length  affords  a full  view  of  the  bell-glafs  to 
the  afliftant  who  is  to  fiipply  it,  and  alfo  gives 
fufficient  fpace  for  the  introdudion  of  fuc- 
ceffive  pint  meafures  of  the  gas,  through  the 
water,  into  this  fmall  bell-glafs. 

This  trough  is  alfo  confiderably  deeper  than 
the  veffel  D E F fig.  6,  in  order  that  a pint 
bottle  may  more  eafily  be  introduced  and 
emptied  of  its  gas  under  the  bell-glafs  k I m, 
fig.  6,  and  that  a longer  bell-glafs  than  k I 
tn  may  be  occafionally  ufed,  from  which  the 
gas  may  be  preffed  up  by  the  weight  of  a 
ten  inch  column  of  water  in  the  veffel  D 
E F. 

When  the  bell-glafs  for  refpiration,  fig.  2, 
ffands  in  the  deferibed  compartment  of  fig, 

5,  the  mouth  b c,  fig.  2,  coincides  with  the 
bottom  b c,  fig,  5 ; the  neck  a fig.  2,  re- 
ceives the  tube  fig.  5,  and  the  fhoulder  of 
the  bell-glafs,  fig.  2,  refts  on  e g,  fig.  5.  Thq 
flop-cock  of  fig,  2 being  open,  and  fixteei^ 
ounces  of  lime  water  poured  into  the  com- 
partment in  which  the  large  bell-glafs  fig. 
ffands,  the  water  will  rife  high  enough  in  the 
narrow  compartment  to  exclude  the  air  front 
the  bell-glaff,  through  its  tranfverfe  tube. 

What-  * 
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Whatever  air  may  remain  near  a d, 
fig.  2,  is  to  be  expelled  by  introducing  at  / 
w,  fig-  5,  fucceflive  portions  of  the  gas  which 
is  to  be  breathed,  and  pafling  them  otF 
through  the  tube  a g k,  fig.  2,  whilfi:  the  bell- 
glafs  for  refpiration  is  moved  a little  up  and 
down.  The  cock  of  the  large  bell-glafs  is 
then  to  be . clofed. 

If  the  inflrument  be  well  made,  no  more 
than  half  a cubic  inch  of  air  or  gas  will  re- 
main between  the  top  of  the  bell-glafs  and 
the  flop-cock.  But  this  quantity  is  neceflary 
to  prevent  the  water  in  the  compartment 
from  rifing  above  the  orifice  h of  the  tube 
i h,  fig.  5,  and  flowing  into  the  fmall  bell- 
orlafs  k I m, 

O 

In  this  flate  of  the  veflels  the  fmall  bell- 
glafs  k / m is  filled  with  water  to  k.  The 
tube  from  k to  is  filled  with  the  oxygen 
gas  or  air  employed,  and  about  half  a 
cubic  inch  of  the  fame  air  Hands  around 
the  tube  near  h. 

The  flop-cock  at  / k Is  now  to  be  fhut,  and 
the  fmall  bell-glafs  k I m being  fcrewed  ofF 
to  leffen  the  weiglit,  the  vefTel  abed,  with 
the  tube  and  flop-cock  h / k,  and  the  veffel, 
fig.  2,  flanding  in  the  compartment  of  fig.  5, 
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tocrether  with  the  i6  ounces  of  lime  water 
contained  in  this  compartment,  are  to  be 
weighed  in  a balance  which  will  (hew  the 
preponderance  of  half  a grain  at  either  arm 
fuftaining  41760  grains,  which  is  the  weight 
of  the  veffels  and  lime  water. 

The  apparatus  thus  weighed  is  to  be  re- 
placed on  the  ftool  ABC,  fig.  5 ; the  fmall 
bell-glafs  k I m,  being  funk  in  the  water  to 
is  to  be  ferewed  on  to  the  cock  t k ; and 
the  gas  intended  for  refpiration  being  intro- 
duced at  / will  raife  the  large  bell-glafs, 

fig.  2,  in  proportion  to  the  quantity  Introduced. 

For  general  ufe  no  more  than  one  half  of 
the  bell-glafs  is  to  be  filled  with  the  gas ; 
and  in  proportion  to  the  confumption  of  it 
by  refpiration,  more  is  to  added  by  an 
affiftnnt.  ' 

When  the  experiment  is  to  be  made  with 
pure  oxygen  gas,  and  the  intended  quantity  has 
been  introduced,  the  Experimenter  is  to  con- 
tinue his  refpiration,  cautioufly  towards  the 
end,  until  the  bell-glafs  for  refpiration  is  quite 
funk  in  the  compartment  above  deferibed, 
and  until  the  afiiftant  has  informed  him  that 
the  water  in  the  fmall  bell-glafs,  fig.  5,  has 
>ifen  to  its  firfi  height  at  k. 
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At  this  moment  the  Experimenter  is  to 
flop  the  orifice  of  the  mouth-piece  at  k,  fig.  2, 
with  his  tongue,  until  he  has  flopped  the 
cock  g. 

The  bulk  of  the  gas  now  remaining  near 
a d g,  fig.  2,  will  be  equal  to  that  which 
fubfifled  there  at  the  commencement  of  the 
refpiration;  and  the  difference  of  their 
weights  will  be  too  fmall  to  be  regarded  in 
the  refpiration  of  100  or  200  pints  of  oxy- 
gen gas. 

If  oxygen  gas  mixed  with  the  azotic  be 
ufed  for  refpiration,  the  Experimenter  is  to 
weigh  the  veflels  in  the  manner  defcribed, 
after  the  azotic  gas  has  been  introduced  ; and 
he  is  to  refpire  the  oxygen  gas  introduced 
afterwards  as  long  as  he  can. 

In  either  cafe,  when  the  refpiration  ceafes, 
the  Experimenter  is  to  flop  the  orifice  of  the 
mouth-piece  with  his  tongue  until  he  flops 
the  cock  g h,  fig.  2 : then  flopping  the  cock 
i k,  fig.  5,  he  is  tofcrewoff  the  fmall  bell- 
glafs  k I in,  and  to  weigh  the  veflels  and  con- 
tained lime  water  as  at  firfl. 

In  either  cafe  alfo  the  encreafed  weight  of 
the  lime  water  will  fhew  the  quantity  of 
vv"at;cr  and  carbonic  gas  of  tfie  refpiration. 

But 
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But  as  the  lime  water  lofes  fomething 
by  evaporation  during  the  experiment, 
this  lofs  is  to  be  afcertained  by  expofing  it 
under  the  lame  circumftances  of  motion, 
prefllire,  temperature  and  time,  without 
relpi  ration. 

By  depreffing  or  elevating  the  large  bell- 
glafs  during  the  refpiration,  the  preflure  of 
a fix  or  feven  inch  column  of  lime  water,  or 
cauhic  vegetable  alkali,  may  be  added  to  that 
of  the  atmofphere,  or  taken  from  it.  The 
preffure  is  added  when  the  water  in  the  com- 
partment of  the  veffel,  fig.  5,  is  made  to  Hand 
fix  or  feven  inches  above  the  furface  of  that 
in  the  large  bell-glafs;  and  the  preffure  is  as 
much  diminifhed  when  the  water  in  this  bell- 
glafs  is  made  to  Hand  fo  much  higher  than 
that  on  the  outfide  of  it. 

As  the  inftrument  is  capable  of  producing 
fo  great  an  elevation  and  depreflionof  the  lime 
water  in  the  large  bell-glals,  by  the  mere 
elevation  and  deprefiion  of  this  veflel;  no  other 
contrivance  is  neceffiry  for  accelerating  the 
abforption  of  the  carbonic  acid  gas  of  mode- 
rate refpiration.  For  by  this  motion,  frefli 
and  extenfive  furfaces  of  the  lime  water  may 
be  continually  expofed  to  the  refpired  gas,  on 
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the  iiifide  of  the  bell-glafs,  and  the  outfide  of 
the  veflel  e fig.  5,  which  the  bell-glafs 
embraces. 

In  the  firfi:  ferles  of  experiments  to  be 
made  with  this  apparatus,  a quart  of  azotic 
gas  is  to  be  introduced  with  a pint  or  more  of 
oxygen  gas,  and  during  the  refpiration,  oxy- 
gen gas  is  to  be  fupplied  until  the  whole  of 
it  amounts  to  one  or  two  hundred  pints  ; a 
proper  quantity  of  fine  lime  being  in  the  mean 
time  mixed  with  the  lime  water.  When  the 
Experimenter  has  refpired  the  lafi:  portions  of 
the  oxygen  gas  as  long  as  poflible,  the  re- 
maining gas,  which  will  be  chiefly  azotic,  is 
to  be  transferred  into  another  veflel,  after  the 
weight  has  been  taken,  in  the  manner  above 
mentioned  ; and  then  the  quantity  of  pure 
azotic  gas  is  to  be  afcertained  by  withdrawino* 
from  it  whatever  oxygen  gas  remained  in  it. 

If  the  bulk  of  the  azotic  gas,  when  dulv 
meafured,  (hould  be  found  to  remain  unal- 
tered, the  prefent  notions  of  the  paflive  cha- 
rafter  of  this  gas  in  refpiration,  will  be  better 
eftablilhed.  If  the  bulk  fhould  be  lefl'ened, 
it  will  appear  that  a certain  quantity  of  this 
gas  enters  the  blood  or  is  otherwife  expended 
along  with  the  meafured  quantity  of  oxygen 

gas. 
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gas.  If  the  bulk  fliould  be  encreafed,  it 
%vill  be  Inferred  that  the  added  quantity 
exhales  from  the  lungs  during  the  confump- 
tion  of  the  known  quantity  of  oxygen  gas. 

This  experiment  is  to  be  repeated,  under 
the  greateft  and  fmalleft  prelTure  of  the  re- 
fpired  gaffes,  which  the  inffrument  can  be 
made  to  produce  ; in  order  to  determine 
whether  azotic  gas  is  forced  into  the  blood 
by  Inch  preflure,  or  emitted  from  the  lungs 
in  the  contrary  circumdance  ; and  whether 
the  quantity  of  carbonic  acid  gas  of  refpira- 
tion  varies  with  the  preffure  ; the  quantity 
of  oxygen  gas  refpired  being  the  kime.  If  it 
ffiould  be  found  confiderably  greater,  under 
the  fmaller  preffure  of  the  oxygen  gas  in 
refpiratlon,  than  under  the  greater  preffure, 
it  may  be  inferred  that  fome  carbonic  acid 
gas  tranfpires  from  the  valculaf  fyfleni  of 
the  lungs. 

In  another  feries  of  experiments,  oxyge- 
nous gas  only  is  to  be  breathed  until  one  or 
two  thoufand  grains  of  it  have  been  con* 
fumed  under  the  mean  preffure.  Then  the 
encreafed  weight  of  the  lime  water  will  flicw 
how  much  has  been  expended  in  the  forma- 
tion of  carbonic  acid  gas  and  water,  or  how 

much 
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tnuch  has  pafled  into  the  fyftem,  or  has 
been  exhaled  from  the  lungs. 

The  relative  quantities  ' of  carbonic  acid 
gas  and  water  of  refpiration,  are  to  be  deter- 
mined by  detaching  the  former  from  the 
Carbonat  of  Lime,  and  meafuring  it  accu- 
rately in  the  manner  of  Lavoisier. 

The  like  experiment  is  to  be  repeated, 
with  augmented  prefllireof  the  refpired  gas; 
and  alfo  with  dlminifhed  preflure. 

Thefe  will  undoubtedly  fugged:  other  tri- 
als, until  the  medicinal  as  well  as  the  gene- 
ral theory  of  refpiration  fliall  be  eftablilhed 
on  a firm  bafis. 

It  is  now  to  be  obferved  that  the  Intended 
menfuratlons  will  be  liable  to  objedlions,  if 
the  flop- cock  i k , fig.  5,  be  not  properly 
managed. 

When  the  oxygen  gas  Is  confumed  very 
quickly,  by  the  quick  and  full  refpiration  and 
compreflion  of  it,  and  it  is  as  quickly  fup- 
plied  in  a continued  current  through  the 
tube  / by  fig*  5,  the  flop-cock  i k may  be 
open.  But  in,  the  contrary  circumflances  it 
ought  to  be  fhut  fo  far  as  to  admit  the  fup- 
ply  of  gas  into  the  large  bell-glafs  with  an 
uninterrupted  current,  and  the  full  preflure 

of 
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of  a column  of  water  of  about  feven  inches^ 

preffiug  upwards  from  / to  k,  fig.  6*  For 

otherwife  the  refpiration  will  communicate 

with  the  gas  in  the  fmall  bell-glafs  k I 

fig.  6,  fo  that  a part  of  the  carbonic  acid  gas 

and  water  of  refpiration  may  be  depofited  in 

the  fmall  bell-glafs  k I rn,  fig.  6,  inftead  of 

beiiifr  retained  in  the  lime  water  or  other  li- 
o 

quor  intended  to  receive  them. 

An  inftrunient  of  this  kind  or  a little 
taller,  will  be  found  the  lighted:  and  mod: 
convenient  that  can  eafily  be  devifed,  for 
the  refpiration  of  hundreds  of  pints  of  oxy- 
gen gas,  with  a view  to  the  medicinal 
effeffs.  • 


Whild  thirteen  pints  of  hydrogen  gaS 
were  burning  brifkly  in  the  apparatus  lately 
defcribed,  and  a continued  dream  of  water 


was  required  to  keep  the  upper  part  of  the 
adopter  cool;  the  experimenter  Ihewed  the 
bed  method  of  procuring  this  gas,  during  the 
folution  of  iron  in  diluted  lulphuric  acid  ; and 
in  the  mean  time  related  the  experimental 

proofs 
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proofs  of  this  gas  being  produced  from  the 
vvater,  and  not  from  the  acid  or  iron  : a part 
of  the  water  being  decompofed  by  co-operat* 
ing  powers  j namely  the  attra£lion  of  theful- 
phurous  and  metallic  principles  of  the  nafcent 
fait,  tending  to  draw  to  them  more  oxygen 
than  the  acid  can  furnifh;  and  the  attradllonof 
the  hydrogen  to  caloric  which  wafts  it  away. 

Twenty  pounds  of  fulphuric  acid  of  the 
manufafturers,  were  expofed  to  the  greateft 
heat  it  could  fuftain  without  boiling,  for  for** 
ty-eight  hours,  in  a retort  of  flint  glafs,  co- 
vered from  the  light,  but  admitting  air. 

It  was  obferved  that  green  glafs  was  unfit 
for  this  bufinefsj  being  apt  to  crack  in  the 
midfl:  of  the  procefs;  and  that  even  a flint 
o-lafs  retort  will  crack,  if  the  faiid  rife 
around  it  higher  than  the  evaporable  chargCj 
and  expofe  it  thus  overheated,  to  the  colder 
liquor  which  trickles  from  the  helm.  The 
veflel  in  which  the  diflilled  odorous  acid  was 
received,  did  not  touch  the  neck  of  the  re- 
tort, but  allowed  the  oxygen  of  the  air  to 
enter  * and  under  the  like  expofure,  the  con- 
centrated acid  was  permitted  to  cool  flowly 
for  two  days ; after  which  it  was  poured  from 
the  depofite  of  vitriolated  Kali,  alid  diluted 
with  an  equal  weight  of  water. 

O 


( 210  ) 

For  the  intended  folution,  fmall  iron  nails 
were  preferred  ; for  the  purity  which  the 
metal  acquires  by  the  repeated  heating  and 
hammering;  and  for  the  extent  of  furface 
which  they  prefent  to  a weak  acid. 

They  were  cleanfed  by  agitating  them  in 
hot  water,  to  w'hich  the  diluted  lulphuric 
acid  was  gradually  added,  until  the  liquor 
be2;an  to  fcale  them.  After  a few  minutes 
they  were  fcaled  to  brightnefs,  and  carefully 
rinced  in  hot  water.  Belna:  Introduced  into  a 
pint  bottle  to  fill  three-fourths  of  It,  water 
lately  dlftilled  and  heated  to  ioo°.  was  poured 
on  them,  until  it  rofe  almofl  to  cover  them. 

The  diluted  fulphtiric  acid  was  then  added 
gradually,  until  a brilk  effervefcence  arofe. 
The  hydrogen  gas  thus  produced,  was  di- 
reflcd  by  a bent  tube  inferred  in  the  bottle, 
through  water  into  a veflel  Handing  inverted 
on  the  funnelled  (helf  of  a fmall  trough.  As 
the  air  left  in  the  upper  part  of  the  bottle,  at 
the  commencement  of  the  folution,  pafled 
off  but  partially  with  the  firft  portions  of  hy- 
drogen gas  ; it  was  deemed  neceffary  that  the 
iffuing  gas  fhould  pafs  off  to  wafie,  to  the 
amount  of  ten  times  the  bulk  of  the  air  ; be- 
fore the  fubfequent  portions  of  hydrogen  gas 
fhould  be  confidered  as  pure  and  fit  for  ufe. 

The 
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The  temperature  of  the  effervefcing  charge 
\vas  kept  up  to  ioo°  or  more,  by  placing  the 
bottle  in  warm  water,  in  order  that  the  weak- 
ened acid  might  adb  more  brilkly,  and  that  no 
faline  cruft  fhould  form  upon  the  nails* 

Each  bottle  intended  to  receive  the  pure 
hydrogen  gas,  was  new  and  referved  for  this 
life  only  ; and  was  filled  with  water  for  a few 
minutes,  and  then  moved  fo  as  to  detach  any 
fmall  bubbles  of  air  which  might  have  clung 
at  the  fides  or  fhoulder,  before  it  was  invert- 
ed on  the  ftielf  through  which  the  gas 
iflued. 

The  temperature  of  the  place  being  kept  at 
54*  each  bottle,  when  ftowly  filled  with  gaSj 
in  the  courfe  of  five  minutes  or  more,  under 
the  prelfure  of  a column  of  water  of  two  in- 
ches, in  addition  to  that  of  the  air,  was  held 
perpendicularly  by  the  hand  prevloufly  wetted 
and  cooled  in  water,  whilft  the  ftopper  was 
quickly  Hidden  into  it ; to  keep  the  gas  in  a 
ftateof  compreflion*  The  bottles  thus  filled 
fucceflively,  were  arranged  in  a veflel  contain- 
ing as  much  water  as  ferved  to  cover  the 
ftoppers  and  mouths,  which  were  inverted 
in  it* 

O X 
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When  the  hydrogen  gas  ilTued  very 
(lowly,  the  bent  tube  was  taken  out  of  the 
bottle  containing  the  nails,  and  its  mouth 
was  as  quickly  hopped  with  the  finger,  un- 
til a frefh  charge  of  the  diluted  fulphuric 
acid  was  introduced,  in  quantity  fufficient 
for  the  renewal  of  the  effervefcence.  This 
being  quickly  done,  whllft  hydrogen  gas 
was  ifluing  from  the  bottle,  little  or  no  air 
entered  ; and  therefore  but  little  of  the  hydro- 
gen gas  now  produced,  was  paffed  off  to  wafte^ 

It  was  with  a view  to  this  additional  charge 
of  acid,  that  the  length  of  the  bottle  was 
twice  greater  than  the  diameter  of  it ; and 
that  the  neck  was  an  inch  in  length  by  only 
3-Sths  of  an  inch  in  the  diameter  of  the  aper- 
ture. For  through  a wider  and  fhorter  neck, 
the  efflux  of  gas  is  weaker,  and  the  heavier 
air  is  apt  to  prefs  into  the  hydrogen  gas  re- 
maining in  the  bottle.  The  aperture  of  the 
bent  tube  was  only  i-i6th  of  an  inch  in 
diameter : becaufe  hydrogen  gas  Iffulng  in 
fmall  bubbles  through  a column  of  cold  water, 
fooner  arrives  at  the  required  temperature 
and  depofites  its  moidure,  than  in  the  con- 
trary circumffances. 
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The  trough  ufed  for  this  purpofe,  contained 
only  three  quarts  of  dlftilled  water ; which 
were  fufficient  to  cover  the  fhelf,  and  to 
exclude  the  air  from  any  number  of  pint  bot- 
tles fucceffively  applied,  in  order  to  be  filled 
with  the  hydrogen  gas.  Thus  the  impurities 
of  great  quantities  of  water  were  avoided. 

When  the  charge  of  acid  and  iron  was  ex- 
hauffed  of  the  gas ; the  martial  folution  was 
immediately  poured  off,  and  the  nails  were 
repeatedly  rinced  with  hot  water,  which  was 
poured  off  from  them  by  inverting  the  bottle 
and  fuftaining  the  nails  with  the  finger.  Tiie 
procefs  w^as  afterwards  renewed  in  the  fore- 
going manner, 


The  experiment  propofed  by  Dr.  Latham 
as  an  attempt  to  w^eigh  Caloric,  was  com- 
menced in  the  prefence  of  Dr.  Latham,  Dr. 
PowEL,  Mr.  Young,  Mr.  Grubb,  Mr.  Tay- 
lor, and  Mr.  De  Grave  an  eminent  Artift 
who  made  the  balance  and  weights,  and  af- 
fifted  in  applying  them  to  this  ufe.  It  was 
a erwards  profecuted  at  different  times  in  the 
prefence  of  all  the  members, 

O 3 As 
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As  Dr.  Latham  perceived,  before  any 
conliderable  advances  were  made  in  this  bufi- 
iiel's,  that  there  was  no  probabiilry  of  fuccefs, 
the  following  particulars  only  appear  in  the 
minutes. 

A thin  matrafs  the  body  of  which  was 
9 1 inches  in  diameter,  the  neck  which 
tapered  a little,  fix  inches  in  length,  and  the 
mouth  half  an  inch  in  diameter;  was  charg- 
ed almoft  to  the  neck,  with  the  folution  of 
vitriolated  natron  mentioned  in  the  minutes 
of  the  fifth  meeting;  the  temperature  of  the 
folution  being  90°. 

A fmaller  glafs  matrafs,  including  five 
pints  of  air,  was  cemented  by  its  neck,  into 
the  mouth  of  the  larger.  The  weight  of 
thefe  veflels,  with  that  of  the  cement,  and  of 
the  brafs  wire  by  which  they  were  to  be  (lung 
to  the  beam  of  the  balance,  was  twenty 
ounces : the  weight  of  the  fallae  liquor  was 
2^72  oz.  8 dt.  23  grs.  the  weight  of  all  was 
292  : 8 : 23,  at  the  common  tempera- 
ture of  530,  when  the  barometer  flood  at 
29.1  inches. 

As  a con.fiderahle  quantity  of  filt  had  cry»- 
flaliized,  during  the  cooling  of  the  folution, 
in  thele  circumftanccs,  ffom  90®  to  33°;  tlie 
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matrafs  containing  the  liquor  was  heated  to 
140°,  and  was  agitated  in  the  mean  time,  to 
promote  the  folution  of  the  fait.  The  vef- 
fels  were  flung  as  before  on  ihe  arm  of  the 
balance,  when  the  temperature  of  the  air  was 
53%  and  that  of  the  foiutioii  14.0%  and  now 
weighed  292  oz.  9 dt.  13  grs.  The  appar- 
ent vveight  of  the  hot  veflels  being  greater  by 
fouiteen  grains  than  that  of  the  cold  veflels. 

By  fublequent  obfervations  it  appeared,  that 
as  the  veflels  cooled  to  the  common  tempera- 
ture of  53%  the  apparent  weight  was  gradu- 
ally leflened,  although  the  barometer  was 
flationary;  and  that  when  they  were  included 
in  a cylindrical  veflel  doled  at  the  bottom,  to 
leflen  the  efled  afcribed  to  the  afcending  cur- 
rent of  air  around  hot  bodies,  their  apparent 
weight  was  ftill  greater  as  they  were  hotter; 
by  reafon  of  the  dilatation  of  the  air  around 
them,  and  the  confequent  diminution  of  its 
denfity  and  buoyancy ; and  alfo  in  confe- 
quence  of  the  elongation  of  that  arm  of  the 
balance  under  which  the  hot  veflels  were 
fufpended. 

When  the  faline  liquor  had  cooled  towards 
^5'’,  and  began  to  (hew  fmall  cajfillary  cry- 
flals ; the  barometer  being  at  the  former 
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height  and  the  temperature  of  the  place  53'’  5 
the  weight  of  the  folution,  veflels  and  fling, 
was  Icfs  by  a grain  only,  than  that  formerly 
taken  when  they  were  colder.  The  cryftalsi 
encrcaftd  rapidly  in  number  and  fize,  from 
the  moment  of  the  firft  appearance,  until 
they  extended  through  the  vyhole  of  the 
flquor. 

The  temperature  in  the  mean  time  arofe 
gradually  to  above  70°.  notwithftanding  the 
wafle  of  Caloric  by  diffuflon  to  the  air. 

As  the  temperature  encreafed  by  the  cry- 
flaliization,  the  apparent  weight  increafed 
for  the  reafoii  above  mentioned  ; but  when 
the  veflels  had  cooled  to  53%  which  was  the 
common  temperature  of  the  place,  they  ap- 
peared to  have  the  fame  weight  as  at  firfl; ; 
namely  292  oz.  8 dt.  23  grs;  the  barometer 
having  remained  ftationary  all  the  while. 

The  dilatation  of  the  air  in  the  cylindrical 
veflel  in  which  the  matrafles  were  flung 
and  weighed  ; and  the  effect  of  this  dilatation, 
on  the  apparent  weight  of  the  veflels,  being 
duly  confidered  ; it  appeared  that  fome  other 
caufe  poncurred  to  make  the  veflels  weigh 
more  when  hot,  than  in  their  cold  llate  ; and 
it  yvas  foon  obferved  that  the  elongation  of 

the 
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the  arm  of  the  balance,  which  was  mofl  af^ 
fefted  by  the  hot  veffels,  was  the  caufe. 
For  when  the  balance,  thus  charged,  was 
perfedly  even,  any  warm  body,  or  even  the 
Experimenter’s  hand,  caufed  that  ann  to- 
wards which  it  was  approached,  to  prepoi> 
derate;  of  the  weight  fufpended  at 

either  arm,  being  fufiicienc  to  move  the  in- 
dex to  either  fide,  as  the  balance  had  never 
been  ufed  for  any  other  piirpofe,  fiiice  the 
adjuhment  of  it  by  the  maker. 

Upon  the  whole  it  appeared  that  the 
quantity  of  Caloric  extricated  during  the 
cryftallization  of  fo  much  Glauber’s  fait,  did 
not  amount  to  half  a grain,  although  Calo- 
ric flaould  gravitate ; and  that  very  fmall  va- 
riations in  the  denfity  of  the  air,  whether 
from  temperature  or  preffure,  were  fufficient 
to  defeat  the  purpofes  of  the  experiment. 

In  confequence  of  fome  remarks  made  by 
Dr.  Latham,  Mr.  Hyatt,  and  Sir  Fret 
DERICK  Eden  ; the  matrafs  containing  the 
cryflals  and  mother  liquor  of  the  Natron  vi- 
triolatum  thus  confined,  w’as  heated  again 
until  the  fait  was  diflblved  ; in  order  to  re- 
new fome  phenonaena  which  were  but  flightly 
noticed  before. 


To 
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To  efTe^l  this  folution,  the  charged  ma- 
trafs  was  placed  in  warm  brine  of  fea  talt, 
which  was  quickly  heated  in  hot  hand  to 
1 700.  The  matrafs  being  frequently  agitated 
to  promote  the  folution,  was  found,  at  every 
removal  of  it  from  the  hot  brine,  to  have  little 
more  than  the  common  temperature  of  the 
air  of  the  place,  until  the  greater  part  of  the 
fait  had  been  diffolved  ; which  did  not  hap- 
pen before  the  expiratioiiof  15  minutes,  from 
the  time  when  the  temperature  of  the  hot 
br  ine  was  i 70°. 

Thus  it  appeared  that  almoft  all  the  Caloric 
received  by  the  contents  of  the  matrafs, 
during  15  minutes,  from  the  brine  continu- 
ally heated  to  170°,  was  expended  in  the  li- 
quefadlion  of  the  fait  ; and  was  fo  far  engaged 
around  the  feparated  faline  particles,  as  to  be- 
come infenfible  to  the  thermometer. 

After  the  greater  part  of  the  fait  had  been 
diffolved,  the  temperature  of  the  folution  In- 
creafed  quickly  to  equal  that  of  the  brine  in 
which  it  Hood,  and  to  keep  pace  with  it  un- 
til both  were  heated  to  212°.  All  this  while 
the  folution  of  Vlt.  Natron  increafed  gradually 
in  bulk,  and  rofe  in  the  fiender  neck  of  the 
matrafs;  and  in  cooling  afterwards,  it  thrunk 

gradually. 
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cracluallv,  in  the  manner  of  a cooling  ther- 
niometer,  nnti!  it  arrived  at  the  temperature 
ot  about  55“  or  56%  at  which  the  cr^^ftal- 
lization  commenced  a^ain. 

At  this  moment  the  fpontaneous  Incalef- 
cencp  by  cryftallizaticn  recommenced  ; and 
as  it  advanced,  the  volume  of  the  faline  mafs 
increaled ; partly  by  reafoa  of  the  incalef- 
cence  ; but  chiefly  from  another  caufe.  For 
when  the  cryftallization  was  compleated,  and 
the  whole  had  cooled  to  about  55°  degrees; 
the  volume  was  greater  by  about  i4r  cubic 
inch,  than  it  was  at  the  fame  temperature 
previous  to  the  rryflallization. 

As  the  central  parts  of  the  liquor  were  the 
latefl  in  cryilallizing,  the  cryftals  which 
fhot  from  thence  upwards,  pufhed  forth 
more  than  a quarter  of  an  inch  above  the 
mother  liquor. 

All  this  (hewed  the  clofe  analogy  between 
cryftallization  and  freezing ; and  between  fo- 
lution  and  thawing.  “ And  the  like  analogy 
“ appears  in  many  other  faline  liquors.” 

When  the  fame  matrafs  was  filled  to  the 
middle  of  the  neck,  partly  by  the  fait  which 
had  cryftallized  in  it,  and  partly  by  the  mo- 
ther liquor ; and  was  fuddenly  plvinged  in 

water 
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water  heated  to  140°,  the  liquor  funk  almoft 
two  inches,  in  the  neck,  and  continued  at 
this  ftation  for  feveral  minutes  : the  Caloric 
which  expanded  the  veflel  and  increafed  the 
capacity  of  it,  being  expended  in  the  lique- 
faaion  of  the  fait,  without  augmenting  the 
temperature  confiderably. 

It  was  obferved  of  thefe  menfurations  of 
the  temperatures  of  the  liquors  inclofed  in 
cemented  veflels,  that  they  were  generally 
approximations  to  the  true  temperatures;  as 
the  thermometers  were  applied  only  on  the 
outfide  of  the  veflel  and  covered  with  4 
woolen  cloth. 


During  this  experiment  of  Dr.  Latham, 
the  experimenter  thought  of  the  following, 
and  foon  afterwards  provided  the  inflruments 
for  it;  hoping  that  the  Caloric  efcaping  from 
Jime  and  water  in  the  procefs  of  flaking, 
might  leave  them  fenfibly  diminiflied  in 
weight. 

Glafs  matrafles,  like  thofe  ufed  In  the 
foregoing  experiment,  were  employed  at  firfl  ; 

but 
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but  fo  many  failures  happened  from  the  un- 
equal fweUing  of  the  lime  in  flaking,  or  from 
the  cafual  trickling  of  the  water  between  the 
veflTel  and  the  lime,  in  which  cafe  the  vefi'el 
always  cracked  in  the  line  in  which  it  was 
thus  partially  heated,  that  the  experimenter 
was  obliged  to  have -recourfe  to  a metallic 
veflel. 

A thin  velTei  of  tinned  iron,  having  a 
fmall  neck  like  that  of  a matrafs,  but  fitter 
to  receive  the  mouth  of  a glafs  matrafs,  was 
provided.  This  veflel  was  charged  with  196 
ounces  of  Lime  broken  to  fragments  of  about 
half  an  inch  in  diameter,  and  freed  from  the 
powder,  to  give  a free  pafl’age  to  the  water. 

A cork  notched  at  the  fldes  lengthwlfe,  and 
covered  with  m.uflin,  was  fixed  in  the  mouth 
of  the  matrafs,  after  it  was  charged  vvitli 
196  ounces  of  water.  This  quantity  being 
found  neceflary  for  flaking  the  Lime,  even 
in  clofed  veflels  which  condenfed  the  vapour 
into  water,  and  returned  it  into  the  Lime; 

The  neck  of  the  matrafs  being  inclined 
to  one  fide  and  heated,  was  waxed  and  fixed 
into  that  of  the  metallic  veflel,  fo  that 
the  junflure  was  firm  and  perfeflly  air- 
tight. 
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The  bottom  of  this  laft  was  then  turned 
upwards  and  flung  to  the  arm  of  the  balance. 

cz.  dt. 

The  Lime  weighed  196  o 

The  water  - - - 196  o 

The  veflels,  wax  "1  80  5 

and  fling  J gr* 

The  whole  weighing  472  512226680 

The  barometer  flanding  at  30  inches  ; the 
thermometer  at  54.3°. 

When  tlie  aij‘  was  quiefcent,  and  the  ex- 
perimenter flood  at  a proper  diftanee,  a grain 
weight  was  fufneient  to  cafl  the  balance 
either  way. 

The  veflels  were  now  turned  and  flung, 
with  the  bottom  of  the  mattafs  upwards. 
The  water  trickled  flowly  through  the  muf- 
lin  and  the  notches  in  the  cork,  until  the 
air  in  the  lower  veflTel  became  dilated  by  the 
flaking  lime,  and  prefled  upwards  through 
' the  muflin,  or  againft  it,  lo  as  to  flop  the 
defeent  of  the  water.  When  the  air  in  the 
lower  veflel  had  cooled,  the  water  delcended 
again  ; and  this  defeent  was  occaflonally  ac- 
celerated by  applying  a not  cloth  on  the  bot^ 
tom  of  tire  glafs  veflel. 

O . 

Ko  more  than  an  ounce  of  water  could  be 

prefl'ed 
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preffed  at  once  into  the  Lime,  without  en- 
dangering the  folder  of  the  tinned  veflel  ; and 
four  days  were  therefore  expended  in  flaking 
the  Lime. 

After  the  flaked  Lime  had  cooled  for  forty- 
eight  hours,  the  apparent  weight  of  the  vef- 
fels  with  their  contents  was  noted  in  a re- 
gifler,  as  often  as  it  w\as  found  to  be  varied 
with  the  ffate  of  tire  barometer  and  thermo- 
meter, wdiich  were  placed  at  the  fulcrum  of 
the  balance,  during  the  courfe  of  a month. 

As  the  reglfler  only  (hewed  how  the  ap- 
parent w'eight  increafed  and  diminifhed  with 
the  falling  and  riling  of  the  mercury  in  the 
barometer,  at  equal  temperatures ; and  how 
it  encreafed  or  decreafed  direflly  with  the 
temperature,  at  equal  heights  of  the  baro- 
meter; the  infertion  of  it  in  this  publication 
is  unnecefiTarv. 

It  happened  unfortunately,  during  this 
month  and  a longer  time,  that  the  barometer 
and  thermometer  never  coincided  at  the  pre- 
cife  points  at  which  they  flood,  at  the  com- 
mencement of  the  experiment.  It  was  only 
on  the  22d  day  that  they  approached  fo  nearly 
that,  by  a computation  founded  on  the  re- 
gifter,  it  feemed  there  was  a lois  of  the  ori- 
ginal 
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ginal  Weight,  amounting  to  more  than  a 
grain  ; and  probably  in  confequence  of  the 
efcape  of  Caloric  during  the  flaking  : the 
litmoft  care  being  taken  that  no  duft  fliould 
affed  the  inlfruments  ; and  there  being  great- 
er reafon  to  fufped  that  the  new  metallic 
veflel  had  increafed  in  weight  by  tarnifhing* 
than  that  it  had  decreafed  by  the  touch  of  a 
filk  handkerchief  with  which  it  avas  wiped 
two  or  three  times. 

When  this  experiment  was  devifed,  the 
chances  againfl:  the  expeded  coincidence  of 
the  barometer  and  thermometer,  at  the  points 
firflobferved,  were  not  fufficiently  confidered* 
But  Lord  Stanhope  loon  fuggefted  the  ne- 
celTary  improvement;  audit  was  refolded  that 
in  a future  experiment,  the  balancing  weights 
fhould  be  included  in  a veflel  of  the  fame 
figure  and  dimenfions  precifely  with  thofe  of 
the  Lime  and  water,  and  that  the  former  as 
well  as  the  latter  fliould  be  perfedly  clofed. 

Under  thefe  circumflances,  the  vefl’els  on 
“ both  fides  of  the  balance  will  be  equally  af- 
fedcd  by  the  variations  in  the  preflure  and 
temperature  of  the  air  in  which  they  are 
to  be  weighed,  and  the  true  weight  will 
appear  at  all  times* 

MI- 


MINUTES 
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FOURTEENTH  MEETING, 
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Saturday,  May  lo,  1794. 


Menfurations  of  Caloric^  , 
Oxydaiwn  of  Metals, 

'The  Society  being  delirous  to  fee  the  ex- 
periments of  modern  philofophers,  for  mea- 
furing  temperatures  and  the  Caloric  of  bo- 
dies, thefe  fubje£l:s  were  introduced  in  the 
didaftic  order  : and  the  experiments  defcribed 
by  Dr.  Crawford  from  the  ift  to  the  29th 
page  were  exhibited.  Sir  John  Ingleby, 
Meffrs.  Johnson,  Young,  Taylor,  and 
Crevel  afiifted ; and  after  the  reference  to 
Dr.  Crawford,  no  minutes  of  the  particu- 
lars were  deemed  neceflary,  in  this  ftage  of 
the  bufinefs. 


In 
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In  the  ordinary  procefles  for  the  calcination 
of  metals,  by  expohng  them  to  the  joint 
a^lon  of  air  and  fire ; the  calces  or  oxyds 
are  formed  by  the  union  ofi  the  oxygen  of  air 

with  the  metallic  body. 

Each  oxyd  exceeds  its  metal  in  weight,  in 
proportion  to  the  quantity  of  oxygen  com- 
bined ; and  the  metallic  appearance  is  altered 
more  or  lefs,  in  proportion  to  the  quantity  of 
oxygen  which  the  oxyd  has  received. 

In  thefe  proccfiTes,  the  oxydation  of  each 
metal  takes  place  only  at  the  fur  face  expofed 
to  air;  and  it  is  neceflary  to  rake  off  the  oxy- 
dated  pellicle,  to  give  the  air  free  accefs  to 
the  clean  furface  of  the  metal,  before  the 
whole  of  it  can  be  oxydated. 

In  the  pellicles  which  are  quickly  re- 
moved, the  metal  fubfifts  in  the  firfi:  degree 
of  oxydation.  The  cupreous  oxyd  for  in- 
Ilance  is  brittle  and  deprived  of  metallie 
luftre,  but  ftill  has  a colour  inclining  to  that 
of  copper.  The  martial  oxyd  fo  formed,  ap- 
proaches in  colour  to  that  of  iron,  and  is  ftill 
magnetic ; the  oxyds  of  lead  and  tin  arc 

grey. 

When  fuch  oxyds  are  longer  and  more  aa- 

van- 


Vahtageoufly  expofed  to  air  and  fire,  they  en- 
creafe  in  weight,  and  lofe  the  metallic  ap- 
pearance entirely.  The  metals  which  receive 
the  fmalleft  augmentations  of  weight  during 
the  compleat  oxydation,  in  this  rhanner,  hold 
14  parts  of  oxygen  Combined  with  106  of 
the  metal.  Tin  and  probably  Zinc  hold  25 ; 
and  intermediate  quantities  of  oxygen  are 
held  in  the  Oxyds  of  other  metals. 

This  was  fhewn  in  refped  to  mercury 
and  iron,  at  the  fixth  and  feventh  meeting's  ; 
and  the  oxydations  of  Tin  and  Lead 
were  now  exhibited,  in  the  reverberatory 
furnace. 

When  the  pellicles  were  quickly  raked  off, 
the  combuftion  of  them  was  manifefl;  and 
on  the  grounds  formerly  mentioned,  aS  well 
as  the  Undoubted  combuftions  of  Zinc, 
Arfenic,  Iron  and  Antimony,  it  was  inferred, 
that  every  calcination  of  a metal  is  a fpecies 
of  combufiioni 

On  this  occafion  it  was  obferved  that  fome 
metals,  fuch  as  Lead,  became  Oxydated  much 
fooner  in  the  Common  reverberatory  furnace, 
than  in  a muffle ; and  fooner  when  the  flame 
beats  on  them,  than  when  pure  oxygen  gas 
and  fire  only  adl  on  them : becaufe  fuch  oxvds 
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are  difpofed  to  imbibe  carbonic  acid,  and  are 
the  more  quickly  formed  in  the  circumftaiices 
in  which  this  acid  is  prefented  to  them. 

It  was  reprefented  that  the  flow  progrefs 
of  the  oxydation  of  fome  of  the  metals,  was 
owing  to  the  pellicle  of  oxyd  which  forms 
on  them.  For  in  all  metals,  which  by  their 
volatility  break  the  pellicle  and  expofe  them- 
felves  more  fully  to  air,  the  oxydation  is 
quick  and  the  combuftion  manifeft ; and  me- 
tals which,  in  the  ordinary  proceffes  for 
calcination,  fliew  no  vihble  figns  of  combul- 
tion,  burn  rapidly  when  divided  and  heated 
with  nitre,  which  fupplies  oxygen  by  its 
acid,  and  alkali  to  cleanfe  the  furfaces. 

The  foregoing  impediments,  which  pre- 
vent the  combuftion  which  takes  places  in 
every  calcination,  from  being  vifible  in  fome, 
were  fliewn  in  ant^xperinaent  made  with 

Zinc  in  an  open  crucible. 

Four  ounces  of  Zinc  were  flowly  heated  to 
the  degree  necefl'ary  for  fufion  ; the  greater 
heat  in  which  it  may  be  evaporated,  being 
cautioufly  avoided.  The  experiment  fliewed 
that,  in  fuch  circumftances,  the  Zinc  con- 
traas  a pellicle,  but  cannot  enter  into  the 
ftate  of  vifible  combuftion* 
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The  Zinc  was  then  further  heated  and  re- 
moved from  the  fire,  without  any  vifible 
combuftion.  But  when  the  pellicle  w'as 
broken,  it  catched  fire,  although  it  had  cooled 
a little;  and  burned  quickly  with  vivid  illu- 
mination, until  it  formed  the  white  oxyd 
commonly  known  by  the  name  of  Flowers  of 
Zinc. 

To  fliew  what  pafTes  in  the  oxydation  of 
Zinc,  in  a more  fatisfadory  manner,  and  at 
the  fame  time  to  remove  the  doubts  which 
a member  had  exprefled  in  regard  to  the  pof- 
fibility  of  inflaming  and  oxydating  this  metal 
in  pure  oxygen  gas  ; the  following  experiment 
was  made. 

, Two  ounces  of  Zinc  were  placed  in  a por- 
celain retort  joined  by  an  intermediate  flop- 
cock  to  a bent  funnel  fimilar  to  that  uled  at 
the  fixth  meeting,  for  the  oxydation  of  Mer- 
cury. The  funnel  and  retort  W'ere  filled  with 
pure  oxygen  gas  confined  at  the  mouth  of  the 
fnnnel  by  water  ; and  the  management  of 
the  experiment  was  entirely  committed  to 
Mr.  Young,  who  Ihewed  great  attention 
to  it. 

When  the  fire  applied  to  the  retort  was 
fufficient  to  melt  and  fublime  the  Zinc  ; It 
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was  announced  by  Mr.  Young,  and  ob- 
ferved  by  feveral  members,  that  a white  va- 
pour defcended  in  a column  from  the  retort 
and  through  the  oxygen  gas  in  the  funnel. 
The  volume  of  this  laft  was  foon  augmented 
fo  much  that  bubbles  iflued  from  time  to 
time  from  under  the  funnel  through  the 
water  in  which  it  was  immerfed. 

With  the  curiofity  and  zeal  of  a philofq- 
pher,  Mr.  Young  applied  a lighted  tape^  to 
the  bubbles  of  elaftic  fluid  which  thus  ef- 
caped;  and  it  was  obferved  by  all  who  were 
as  attentive  as  himfelf,  that  the  bubbles 
catched  fire,  and  exploded,  like  a mixture  of 
hydrogen  and  oxygen  gafifes. 

The  experimenter  who  was  employed  at  a 
diflance,  heard  a fmall  explofion  of  this  kind, 
and  gave  a caution  concerning  it.  The  match 
was  however  applied  again  ; and  the  flame 
communicating  by  the  bubbles  to  the  con- 
tents pf  the  funnel,  the  whole  exploded  with 
a loud  leport,  and  blew  the  funnel  to  pieces, 
Mr.  Young  foon  afterwards  prefented  a 
drawing  of  an  inftrument  in  v'hich  he  vyilhed 
the  experiment  to  be  repeated. 

It  reprefented  a long  gl.iis  tube,  joined  at 
each  end,  by  an  intermediate  flop- cock,  tpq 

bent 
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beiit  funnel  of  glafs.  The  Zinc  was  to  be 
placed  in  the  middle  of  the  tube,  and  there 
expofed  to  the  fire  of  a fmall  reverberatory 
furnace  which  was  already  conlfrudted  for  ex- 
periments of  this  kind. 

The  oxygen  gas  was  to  be  Introduced 
through  water  into  one  of  the  funnels,  as 
fad  as  the  cumbuftion  might  require  it  ; and 
any  refidue  of  Azot  or  other  matter  was  to 
be  faved  in  the  oppofite  funnel  previoufly 
filled  with  water  or  mercury.  For  the  ftop- 
cockofthis  funnel  ivas  not  to  be  opened,  un- 
til the  combuftibn  commenced. 

An  indrument  anfwering  to  this  defcription 
being  provided,  the  following  experiment 
was  made  at  a fubfequent  meeting. 

The  glafs  tube  was  five  feet  in  length,  and 
an  inch  in  diameter,  and  was  coated  with 
clay  at  the  part  which  was  to  be  heated. 
Being  placed  horizontally  acrofs  the  bed  of 
the  furnace,  and  luted  to  the  walls  ; the  tube 
projeded  by  each  of  the  uncoated  ends,  about 
twelve  inches  from  the  wail.  A (lender  ingot 
of  Zinc  weighing  an  ounce,  was  placed  in  the 
middle,  of  tiie  tube,;  and  at  the  diilaiice  oi  a 
foot  from  the  Ingot,  a little  embankment  of 
white  faiid  was  nuidt:,  to  prevent  the  metal 
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from  running  to  either  end  of  the  tube  during 
the  decrepitating  combuftion  which  was  to  be 
expeded. 

The  funnels  and  flop-cocks  being  fcrewed 
on,  and  perfedlly  air  tight ; and  one  of  them 
being  charged  with  oxygen  gas  communicat- 
ing with  the  Zinc  ; it  now  occurred  to  the 
expei imenter,  that  the  firft  trial  ought  not 
to  be  made  in  the  prefence  of  the  fociety. 

For  if  the  fupply  of  oxygen  gas  fhould  not 
be  as  quick  as  the  abforptioii  of  it  by  the 
Zinc,  the  water  might  rufh  into  the  red-hot 
tube  and  melted  metal,  before  the  affiflant 
could  tuin  the  cock,  and  the  explofion  might 
endanger  the  fpedfators  as  well  as  the  experi- 
menters. It  was  alfo  apprehended  that  an 
explolion  might  take  place  from  another 
caufe. 

The  experimenter  had  formerly  obferved 
that  a mixture  of  hydrogen  and  oxygen 
gaffes,  when  greatly  dilated,  either  by  gra- 
dual heat,  or  in  confequence  of  the  piefilire 
of  the  air  being  averted,  requires  a much 
larger  elearical  fpark,  or  greater  ignition,  for 
the  inflam matijn,  than  is  neceflary  in  the 
denfer  ftate  of  thcOi.  A great  quantity  of  in- 
flammable vapour  ot  ZiiiC  might  therefore 
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mix  with  the  oxygen  gas  in  the  tube  and  fun- 
nel, before  the  ignition  of  any  part  was  fuffi- 
cient  for  the  commencement  of  the  combuf- 
tioii ; and  in  this  caie  the  explolion  would  be 
dangerous.  It  was  therefore  refolved  that 
thel'e  funnels  fhould  not  be  uled,  until  the 
velocity  and  other  circumftances  of  the  com- 
buitioii  fhould  be  alcertained. 

The  funnels  being  removed,  the  air  was 
chafed  out  of  the  glai's  tube  containing  the 
Zinc,  by  prefiing  oxygen  gas  through  it, 
from  a bladder  which  was  ferewed  to  one  end. 
When  this  bladder  was  emptied,  the  cocks 
were  clofed  ; and  a bladder  containing  nine 
pints  of  oxygen  gas,  and  provided  with  a 
flop-cock,  was  ferewed  to  the  other  end  of 
the  cube. 

The  temperature  of  the  gas  w’hen  mea- 
fured  was  6o° : The  barometer  flanding  at 
inCxhcs. 

When  fire  was  applied  to  heat  the  Zinc, 
proper  mea  ures  were  taken,  with  refpedl  to 
the  parts  of  t-'ie  inflrument  which  projedled 
on  either  fide  out  of  the  furnace,  to  fecure 
the  ^pectarors  from  all  daiiger;  in  the  cafe  of 
e/.p'  jfoii.  hen  the  Zinc  was  fuppofed  to 
be'  liiidc  !'  i C:  ^ heated,  the  cocks  were  opened, 
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in  coiifccjiietice  of  which  the  oxygen  gas  of 
the  filled  bladder  pafled  flowly  through  the 
flender  aperture  of  the  cock,  over  the  Zinc 
and  into  the  empty  bladder.  When  about 
half  a pint  had  thus  pafled,  the  Zinc  being 
‘more  heated,  catched  fire,  and  burned  with 
brilk  decrepitation,  and  a brilliant  light,  which 
feemed  to  fill  the  uncoated  parts  of  the  tube 
and  the  difiended  bladder. 

In  the  courfe  of  a minute  the  whole 
of  the  oxygen  gas  was  confumed;  two  or 
three  cubic  inches  excepted,  w^hich  could  not 
enter,  becaufe  the  flaccid  bladder  hung  againfl: 
the  (lender  tube  of  the  cock  and  fropped  it. 

During  the  combufiion,  one  of  the  afiifi:- 
ants,  who  was  placed  for  this  purpofe,  prefled 
in  all  the  oxygen  gas  which  had  pafled  into 
the  fmaller  bladder,  before  the  Zinc  had 
catched  fire  ; and  having  done  this  he  flopped 
the  cock  on  that  fide,  foon  afler  the  Zinc  had 
catched  fire. 

It  was  already  manifeft  that  the  oxygen  gas 
was  pure,  and  that  all  that  entered  was  ex- 
pended in  the  oxydation  of  the  Zinc,  and  the 
generation  of  Caloric  and  Light. 

After  an  interval  of  about  a minute,  many 
of  the  members  exprefled  a defire,  that  the 
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fmall  quantity  of  gas  remaining  in  the  flaccid 
bladder  Ihould  be  introduced,  to  prove  that 
there  was  no  azotic  refidue. 

The  experimenter  knew  that  the  whole  of 
the  Zinc  was  not  oxydated,  and  that  the 
tube  was  charged  with  metallic  vapour;  and 
confequently  expe<Sl:ed  a fmall  explofion. 

It  happened  that  the  flaccid  bladder  had 
depofited  a drop  or  two  of  water  in  the  mouth 
' of  the  ftop-cock,  againfl:  which  it  was  prefled 
by  the  air.  This  water,  in  a tube  of  only 
of  an  inch  in  diameter,  made  fome  refifl:- 
ance  to  the  entry  of  the  oxygen  gas ; and 
perhaps  the  metallic  vapour  which  might 
pow  have  filled  the  glafs  tube  had  contri- 
buted to  the  refiffance. 

The  water  gave  way  when  the  bladder  was 
prefled  a little  ; the  oxygen  gas  entered  fud- 
denly,  and  caufed  a loud  explofion,  but  not 
fo  great  as  to  break  the  glafs  tube. 

This  afforded  an  explanation  of  the  explo- 
fion which  formerly  endangered  Mr.  Young, 
and  warranted  the  deviation  which  the  expe- 
rimenter had  made  from  the  experiment  wdth 
the  ckls  funnels. 

Dr.  Latham  who  was  attentive  to  this 
experiment,  exprefled  a different  opinion 
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of  the  explofion.  For,  knowing  that  the 
cock  was  flopped  with  water,  and  that  the 
hot  vapour  of  Zinc  was  capable  of  deconi” 
pofing  water  and  detaching  its  hydrogen  ; he 
imputed  the  explofion  to  this  mixture  of  hy- 
drogen gas  with  the  oxygen  gas,  in  contaa: 
with  the  flaming  metal.  Other  members 
concurred  in  this  opinion  at  the  moment. 
But  fome;,  who  obferved  that  the  glafs  tube, 
where  it  pa&d  the  wall  of  the  furnace,  and 
was  heated  in  the  uncoated  part,  was  bent 
downwards  by  the  w^eight  of  the  cock  and 
bladder,  before  the  explofion  took  place, 
entertained  the  opinion  exprefled  by  the  ex- 
perimenter ; thinking  it  highly  improbable 
that  the  water  which  flopped  the  cock  could 
have  moved  in  the  diredion  of  the  flexure  of 
the  tube,  twelve  inches  or  more  to  meet  the 
hot  part  of  the  metallic  vapour. 

After  the  explofion  the  fire  was  immediate- 
ly withdrawn  ; and  the  glafs  tubs  ivas  gra- 
dually cooled.  It  ivas  found  to  contain  36 
grains  of  Zinc  in  one  mafs,  and  18  dt.  12.  gr. 
of  white  oxyd,  lined  with  a thin  flratum 
of  femi-oxydated  metal,  to  the  length  of  two 
feet.  The  oxyd  being  firfl  formed,  w'as  at- 
tached to  the  glafs  tube  by  the  external  fur- 
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face;  but  on  the' internal  fur  face,  the  . 

was  covered  by  the ’metallic  film  which  wars 
formed  by  the  conden’fation  of  the  metallic 
vapour,  after  the  explolion  and  during  the 
cooling.  ' ' »' 


A vifitor  having  formerly  mentioned  in  the 
fociety,  that  he  had  expofed  Carbonic  acid  gas 
of  experienced  purity  to  boiling  mercury  in 
clofed  veflels,  for  three  hours ; and  found  the 
mercury  oxvdated  at  the  furface ; and  only 
i of  the  gas  remaining  ; this  remainder,  he 
laid,  confided  chiedy  of  azotic  gas.  It  was 
the  general  opinion  that  he  had  been  deceived 
by  fome  unknown  accident ; but  it  was  agreed 
that  the  Experiment  fhould  be  repeated  for 

the  fociety. 

Dr.  Latham  at  the  fame  time  made  fe- 
veral  ingenious  obfervations  on  this  fubjedl , 
and  concluded  with  the  following  queftion. 

“ Whether  in  the  oxydation  of  Mercury 
“ by  Carbonic  acid  gas,  the  Mercury  may 
not  unite  with  the  Carbo  (as  Iron  in  its 

“ converlioii  to  fteel)  and  after  that  union 
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**  eafily  unite  with  the  oxygenous  gas,  fo  as 
“ to  become  an  oxyde  ?’* 

The  veffel  in  which  the  gentlehaan  wifhed 
the  experiment  to  be  made  was  a fmall  glafs 
retort  with  a long  neck,  and  a receiver  open 
at  the  bottom  ; all  blown  in  one  piece. 

To  exhauft  it  of  air  compleatly,  it  was 
filled  with  hot  Mercury ; and  the  open  end 
being  funk  in  the  trough  of  Mercury,  Car- 
bonic acid  gas  was  thrown  up  to  difplace  the 
Mercury,  and  mingle  with  any  air  which 
might  have  been  intercepted  between  the 
Mercury  and  the  veffel,  in  the  former  fillings 
The  Carbonic  acid  gas  was  next  expelled  by 
depreffing  the  veflel  under  Mercury ; and 
in  filling  the  veffel  again  with  acid  gas 
eight  ounces  of  Mercury  were  left  in  the 
retort,  expofed  to  35  cubic  inches  of  the  gaSi 
The  barometer  being  30,  the  thermometer  55®. 

The  open  end  of  the  recipient  being  funk 
in  mercury,  the  retort  was  placed  in  a fand 
bath ; and  whilft  the  mercury  was  kept  in  a 
boiling  heat  for  fix  days,  the  recipient  was  re- 
peatedly depreffed  and  raifed  in  the  mercurial 
trough,  to  pump  the  Carbonic  acid  gas  from 
one  veffel  to  the  other,  and  expofe  it  fully  to 
the  mercury* 
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Notwkhftandlng  all  this,  the  mercury  re- 
tained its  metallic  luftre  and  there  was  no 
appearance  of  oxyd  of  mercury,  nor  any  di- 
minution of  the  volume  of  the  Carbonic 
acid  gas. 

The  gas  was  procured  from  powdered  cal- 
careous Ipar,  which  was  agitated  in  hot 
dinilled  water  for  fome  minutes,  before  the 
fulphuric  acid  was  ufed. 

This  laft  was  introduced  by  a long  cylin- 
drical tube  terminating  in  a capillary  opening, 
and  provided  with  a ftopper ; fo  that'  the 
acid  might  pafs  into  the  water  flowly  from 
the  flender  extremity  of  the  tube  ; and  that 
its  defcent  might  be  checked  at  pleafure,  by 
introducing  the  ftopper,  when  the  efFervef- 
cence  was  fufficiently  brilk. 

The  fmall  quantity  of  air  included  with 
the  fpar  and  water,  was  carefully  expelled,  at 
the  expence  of  twenty  times  its  bulk  of  gas 
which  pafled  off  to  wafte. 

The  purity  of  this  gas  was  tried  by  expo- 
ling  94  cubic  inches  of  it  to  Lime  water  re- 
cently made  with  boiling  diffilled  water  and 
pure  lime  ; and  only  one  cubic  inch,  or  lefs 
than  one  remained  imabforbed. 

This  refidue  was  azotic  gas ; and  therefore 

the 
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the  gas  expofed  to  the  mercury  fcarcely  con- 
tained of  its  weight  of  azotic  gas,  pre- 
vious to  the  experiment. 

Being  examined  after  the  foregoing  expo- 
fure  to  the  boiling  mercury,  it  was  found  to 
have  undergone  no  alteration. 


Mr.  Young  read  a (hort  extra£i;  from  the 
late  publication  of  Monf.  Pictet  ; which 
‘ confifted  of  arguments  in  oppohtloii  to  the 
notion  of  Caloric  being  Chemically  combina- 
ble  in  bodies  ; but  concluded  with  an  acknow- 
ledgment that  in  fome  inftances,  the  evi- 
dence for  intimate  or  Chemical  combination 
was  very  ftrong. 

A member  obferved  that  the  writer  who 
admits  any  fuch  attradlions  of  Caloric,  would 
eafily  be  perfuaded  by  further  oblervation  and 
experience,  to  admit  all  that  was  advanced  on 
this  fubje(51:. 


Phof- 
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Pbofphoric  proceffes  which  require  much 
time,  being  announced  for  the  enfuiug  week  ; 
converfations  arofe,  on  the  phofphoric  bo- 
dies of  this  kind  ; in  whibh  a vifitor  mention- 
ed an  experiment,  the  particulars  of  which 
were  afterwards  delivered  in  writing,  'and 
inferred  in  the  next  minutes. 
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Saturday,  May  17,  1794. 


Menfurations  of  Caloric, 
Trigorific  'Experiments, 
Oxygenation  of  Pbofphorus, 


Phofphoric  Procejfes  and  Experiments,^ 


Fr  OM  the  known  property  of  bodies  to 
combine  with  Caloric,  and  alio  to  engage 
additional  and  fmaller  quantities  of  this  mat- 


ter, in  a date  of  weaker  adhehon,  fuch  as 
thvat  in  wdiich  it  caufes  th-eir  fluidity  or  tem- 
perature I from  the  apparent  gradations  of 
the  forces  with  which  difterent  bodies  attrafl 
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Caloric;  and  from  the  unequal  aptitude  of 
bodies  for  the  reception  or  tranfmlflion  of  this 
fubtile  matter ; it  was  argued  that  the  Inge- 
nious experiments  of  Dr,  Crawford  and 
other  authors  whom  he  cites,  for  afcertaln- 
ing  the  capacities  of  bodies  for  Caloric,  afford 
no  folid  data  from  which  the  abfolute  quan- 
tities of  this  matter  can  be  computed. 

Some  palfages  of  Dr.  Crawford  between 
29  and  71  pages  were  cited,  preparatory  to 
experiments  which  were  now  exhibited  as 
they  were  defcribed  by  this  author,  between 
the  71ft  and  83d  page. 

The  Calorimeter  of  Lavoisier,  page  421, 
being  (hewn  in  all  its  parts,  was  charged  with 
about  80  pounds  of  pounded  ice,  and  applied 
to  ufe,  in  meafuring  the  Caloric  emitted 
during  the  fpontaneons  refrigeration  of  red 
hot  iron,  and  of  other  bodies.  Lavoi- 
sier’s inftrudtions  on  this  fubjecl  were 
recommended.  ^ 

As  the  air  of  the  Laboratory  was  highly 
charged  with  aqueous  vapour  of  Refpiration, 
and  of  the  wax  lights,  a fog  appeared  around 
the  Calorimeter,  and  condenfing  on  It,  trick- 
led by  drops  in  quick  fucceffion,  from  the 
lower  part^of  it.  During  this  evening,  an  a(- 
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fiflant  was  employed  in  preventing  thele 
drops  from  mixing  with  the  water  produced 
from  the  internal  compartment  of  the  Calo- 
rimeter. But  againfl  the  next  meeting  of 
the  fociety,  the  flop-cock  was  provided  with 
a cap  which  rendered  the  attendance  of  an 
afliflant  unneceffary. 

In  the  firfl  experiments  with  this  inffru- 
ment,  it  was  obferved  that  the  water  trickled 
from  the  internal  compartment  at  the  tem- 
perature of  33%  inflead  of  32°  the  proper  tem- 
perature of  water  dropping  from  ice.  This 
flaewed  that  the  Calorimeter  of  Lavoisier. 
was  not  well  adapted  to  experiments  carried 
on  in  a.  warm  room  ; and  therefore  an  alte- 
ration was  made  ; by  which  the  ice  was 
lowered  to  the  middle  of  the  cock,  and  the 
water  from  the  ice  iffued  at  the  temperature 
required. 

As  each  experiment  with  the  Calorimeter 
lafled  many  hours  without  requiring  much 
attend, ance  ; other  experiments  Ihewing  the 
phenomena  of  frigoritic  mixtures  were  intro- 
duced at  thefe  Intervals,  As  they  were  to  be 
performed  in  a place  warmed  to  70°,  a large 
veflel  was  provided,  which  had  two  com- 
partnuents.  An  external,  like  that  of  the 

Ca- 
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Calorimeter^  in  which  a frigorlfic  mixture 
w'as  placed  to  furround  the  internal  com- 
partment in  which  the  experiment  was  to 
be  made,  and  to  prevent  the  temperature  of 
the  place  from  reaching  it. 

Equal  parts  of  muriated  ammoniac  and  Ni- 
trat  of  Pot-afli,  or  Salt-petre,  being  well  dried 
and  mixed  in  powder,  were  blended  with 
water,  in  the  proportion  of  three  parts  of 
the  falts  to  four  of  the  water,  in  the  external 
compartment,  and  the  hollow  cover  which 
made  a part  of  it. 

The  internal  compartment  was  cliarged 
with  a mixture  of  the  fame  kind ; and  both 
being  agitated  to  promote  the  folution  of 
the  fah;  a fmall  veffel  filled  with  water  w^as 
placed  in  the  internal  compartment, 

A thermometer  placed  in  the  frigorific 
mixture  of  the  internal  compartment  lunk 
in  a few  minutes  28  degrees  below  the  freez- 
ing point.  If  the  cover  of  th®  external  vef- 
fel had  not  been  often  removed,  the  mer- 
cury in  the  thermometer  w’ould  have  funk 
25  or  36°  belo*v  the  freezing  point- 

During  the  refrigeration  of  the  water  in 
the  central  veflel,  below  the  freezing  point, 
end  during  the  fubfequent  congelation  of  it ; 

0^3 
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obfervations  were  made  in  the  manner  of  Dr. 
CRAWi<oRP  on  rhefe  fubje^ls. 

Another  trigorific  mixture  was  made,  to 
the  like  riihA,  with  pounded  ice  and  nitrous 
acid  previoufly  diluted  in  the  method  of  Mr. 
Cavendish,  and  cooled.  And  it  was  obferved 
that  all  other  frigorific  mixtures  and  folutions 
ad  on  the  like  principles. 

After  an  enumeration  of  the  various  in- 
flances  of  incalefcence  and  comhuflion,  by 
the  adion  of  bodies  on  each  other ; it  was 
argued  that  as  Caloric  is  always  liberated,  and 
the  temperature  always  augmented,  during 
the  approximation  and  union  of  particles  car- 
rying charges  of  Caloric  in  the  manner  for- 
merly defcribed ; every  reparation  of  fuch  par- 
ticles, during  the  folution  of  an  aggregate, 
muft  be  attended  with  a refumption  of  this 
matter  from  the  free  Caloric  of  temperature ; 
and  confequently  with  the  phenomena  of  re- 
frigeration. 

This  was  reprefented  as  the  true  caufe  of 
every  refrigeration  hitherto  effeded  by  the  fo- 
lution or  expanfion  of  bodies.  On  this  occa- 
fion  reference  was  made  to  all  the  experiments 
formerly  (hewn ; in  which  cold  was  pro^ 

duced  by  the  expanfion  of  Ether,  Ammoniac 
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and  other  b9dles  ; or  during  the  folutlon  of 
falts  or  ice  : the  liquefa^ion  of  a body  con- 
fifting  of  attradive particles,  being  the  ilrong- 
eft  analogical  proof  of  the  reparation  of  its 
parts  by  interceding  Caloric. 


A glafs  jar  which  was  round  and  thin  at  the 
bottom,  to  fecure  it  from  cracking  by  the  heat, 
was  funk  in  a trough  of  Mercury  and  wafhed 
with  oxvsen  gas,  and  was  then  charged  with 
19.25  grains  of  oxygen  gas  from  red  oxyde  of 
mercury  by  Nitrous  acid.  A (hallow  Iron  difli 
was  made  to  float  on  the  Mercury  in  the  Jar, 
and  a long  flat  piece  of  pure  Phofphorus  well 
dried  in  blotting  paper,  and  weighing  15 
grains,  was  placed  in  the  Iron  diih>  The 
Experimenter  thep  holding  the  jar  upright 
by  means  of  an  Iron  clip,  and  prefling  it  a 
little  into  the  mercury,  inflamed  the  Phof- 
phorus by  means  of  the  crooked  Iron  wiie  of 

Lavoisier,  page  104, 

During  the  brilliant  and  rapid  combufliion 
of  the  Pholphorus,  the  jar  was  filled  with 
white  vapour,  the  oxygen  gas  contracted  in 

0.4  volume. 
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volume,  the  mercury  rofe,  and  the  jar  was 
lufFered  to  fink.  When  the  veflcl  had  cooled, 
and  the  mercury  was  brought  to  the  lame 
level  on  the  infide  and  outfide  of  the  jar,  the 
volume  of  the  remaining  gas  was  lefs  than 
of  the  whole. 

Water  being  admitted  to  deprefs  the  mercur 
ry  and  diflblve  the  phofphoric  acid  which  was 
vifible  between  the  (ides  of  the  veflel  and  the 
mercury  j the  uiiburned  phofphorus  was 
found  to  weigh  about  2.5  grains. 

After  divers  repetitions  of  the  like  com- 
buftion  with  different  quantities  of  phofpho- 
rus, the  experimenter  acquiefced  entirely  in 
the  conclufion  of  Lavoisier,  page  106. 
“ When  we  reduce  thefe  weights  to  hun- 
dreth  parts,  it  will  be  found  that  100 
parts  of  phofphorus  require  154  of  oxygen 
for  faturation,  and  that  this  combination 
will  produce  254  parts  of  concrete  phof- 
ph^ric  acid.” 

Thus  a volatile  combuftlble  body  which 
was  infoluble  in  water,  and  had  fcarcely  any 
raffe  was  changed  by  this  union  with  oxygeri 
into  an  acid  very  four  and  foluble,  pcrfcdly 
incombuhlblc,  and  capable  of  fuftaining  a 
red  heat  without  evaporating.  - 

The 
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The  Xvhole  of  the  reafoning  of  Lavoisier 
on  this  oxygenation,  and  his  menlurations 
of  the  Caloric  emitted  when  phofphorus  is 
burned  with  oxygen  gas  in  the  Calorimeter, 
were  adopted  by  the  experimenter  and  are 
iiQW  referred  to  in  the  minutes. 

Pure  Phofphorus  was  in  the  next  place 
oxygenated  in  another  manner.  Into  a cylin- 
drical vefiel  terminating  with  a round  bottom 
like  that  ufed  in  the  lafi:  experiment,  and  of 
equal  capacity,  twenty  grains  of  phofphorus 
were  palled  through  mercury  to  rife  to  the 
round  bottom  of  the  vefiel  above  the  mer- 
cury. The  velTcl  ftanding  firmly  in  mercury 
with  the  round  bottom  upwards,  was  heated 
by  an  Iron  bar  applied  to  the  center  of  the 
bottom,  until  the  phofphorus  melted  and 
boiled  without  combuftidti  or  illumination. 

As  the  vefiel  cooled,  the  phofphorus  con- 
creted to  its  bottom  and  lined  tiie  wlioie  of 
it.  The  quantity  of  pholphorus  thus  em- 
ployed being  known  ; a cuL'ic  inch  ol  oxy- 
gen gas  was  thrown  up  to  deprefs  the  mer- 
cury and  meet  the  phoiphoric  incrufiatiou. 

Tiie  abforptlon  of  the  gas  being  Very  fioNv, 
and  producing  a very  weak  hglit  lunilur  to 
that  of  phofphorus  expofed  to  cold  ajr,  it  was 

per- 
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perceived  that  the  acid  which  formed  a film 
upon  it  impeded  the  oxygenation,  which 
might  however  be  accelerated  by  warming 
the  phofphorus. 

Several  cubic  inches  of  oxygen  gas  were 
fucceflively  introduced  as  fafi;  as  they  were 
abforbed  by  the  warmed  phofphorus,  to  fhew 
the  weak  light  which  phofphorus  yields  when 
it  is  flowly  oxygenated. — -All  this  time  a 
white  cloud  defcended  from  the  phofphorus, 
and  concreted  into  white  fleecy  flakes  of  Phof- 
phoric  acid. 

A larger  meafure  of  the  gas  being  now  in- 
troduced, and  the  phofphorus  being  more 
heated  than  before,  it  catched  fire  and  burned 
with  a brilliant  flame  until  all  the  gas  was 
confumed.  As  often  as  frefh  gas  was  intro- 
duced the  combuftion  was  renewed  ; the 
quantity  of  reliduary  azotic  gas  was  very 
fmall ; and  thus  great  quantities  of  phofpho- 
rus and  oxygen  gas  might  be  expended  in  the 
formation  of  phofphoric  acid  in  the  upper 
part  of  the  quart  jar,  and  the  whole  of  the 
phofphorus  might  be  burned,  by  heating  the 
upper  half  of  the  jar  containing  the  laft 
charge  of  the  gas. 

When  phofphorus  is  expofed  to  air  at  a 
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mean  temperature,  the  acid  which  is  immedi- 
ately formed  attraas  moifture,  and  both  re- 
tard  or  flop  the  progrefs  of  the  oxygenation. 
In  certain  circumftances  the  phofphorus  at- 
traas oxygen  quickly  from  the  air  at  low  , 
temperatures,  and  catching  fire,  is  foon  con- 
fumed.  This  was  foon  (hewn  by  wrapping  a 
piece  of  phofphorus  quickly  in  dry  tow,,  and 
fqueezing  it  ftrongly  with  pinchers,  to  make 

it  fpread  into  the  tow. 

As  foon  as  the  tow  was  drawn  afunder,  fo 
as  to  expofe  the  phofphorus  with  dry  and 
extended  furfaces  to  the  air,  it  became  lumi- 
nous and  prefently  catched  fiie. 

Various  other  methods  were  mentioned,  in 
which  the  mere  divifion  of  the  phofphorus 
had  been  found  to  accelerate  the  oxygefiation 
and  inflammation ; and  phofphuret  of  Lime 
being  (hewn,  which  catched  fire  in  the  firft 
inftant  of  its  contaft  with  air,  it  was  ob- 
ferved  that  the  fpeedy  accenfion  depended 
chiefly  pn  the  divilion  of  the  pnolphorus. 
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In  regard  to  the  following  defcriptions  of 
proceffes,  and  all  others  which  appear  in  the 
minutes,  it  is  to  be  obferved  that  they  arc 
written  under  the  fuppofition  that  the  mo- 
dern chemical  fchool-books,  fuch  as  Four- 
croy’s,  Nicholson’s,  and  Chaptal’s,  have 
been  confulted  by  the  reader ; and  that  he 
wiflies  for  no  more  than  a clear  expofition  of 
the  improvements  inprefcription  and  pradice. 

To  prepare  phofphoric  acid  twenty  pounds 
of  the  powder  of  bones  flovvly  burned  to 
whitenefs  in  a current  of  air,  were  diffufed 
in  twenty  gallons  of  boiling  water  ; and  ten 
pounds  of  fulphuric  ‘acid  previoufly  diluted 
with  an  equal  weight  of  water,  were  gradu- 
ally added.  The  whole  was  kept  in  motion, 
during  the  adion  of  the  acid,  and  for  half  an 
hour  afterwards ; and  was  then  poured  into 
a filtering  bag  made  of  cotton  cloth.  When 
the  filtration  became  tardy,  it  w’as  renewed 
by  prefTing  the  bag  at  the  Tides,  lo  as  to  agi:- 
tate  the  mafs, 

Frefh  water  W'as  poured  into  the  conical 
cavity  of  the  felenitic  mafs,  to  keep  it  al- 
moft  filled,  until  ten  gallons  more  had  been 
thus  expended  in  wafliing  out  the  phofphoric 
iicid. 
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Yhe  filtered  liquor  was  neutralized  by  mild 
volatile  alkaline  fait ; a fmall  excefs  of  the  al- 
kali being  difregarded.  After  the  neutral  li- 
quor became  clear,  it  was  poured  off,  from 
the  earthly  fubfidence,  and  evaporated  flowly 
in  a fhallow  Leaden  boiler,  until  it  was  re- 
duced fo  far  that  it  might  depolite  cryftals 
by  coolrng. 

It  was  poured,  whilft  hot,  into  a thin  glafs 
balloon;  which , was  placed  on  the  fand  bed 
of  a reverberatory  furnace. 

The  mouth  of  the  balloon  being  covered 
with  an  inverted  crucible  ; the  fire  was  gra- 
dually raifed  to  ad  on  the  charge  from  above 
dowmwards,  and  was  continued  with  due 
caution  until  the  bottom  was  obfeurely  red.  . 

In  this  way  the  fulphat  of  ammoniac  was 
fublimed  out  of  the  phofphorlc  fait ; the  am- 
moniac which  neutralized  the  phofphoric  acid 
was  alfo  expelled;  and  the  phofphorlc  acid 
remained  in  the  form  of  a colourlefs  tran- 
fparent  glafs,  which  was  eafily  feparable 
wiien  cold,  from  the  veffel,  by  the  blow  of 
a hammer,  or  the  edge  of  a knife. 

Thus  the  inconveniencies  of  every  procefs 
hitherto  deferibed  for  thk  pur^ofe,  were 

> 

avoided. 


Phof- 


r )' 

thofphoric.  acid  freed  from  earthly 
and  having  this  glacial  appearance,  has  ge- 
nerally been  confidered  as  pure  ; but  in  cer-^ 
tain  applications  of  it,  the  experimenter  found 
that  It  contained  a certain  quantity  of  ammo- 
niac, which  was  infeparable  from  it  by  this  de- 
gree of  heat.  To  this  he  chiefly  imputed  the 
great  quantities  of  azotic  and  hydrogen  gafles, 
which  appeared  in  the  reduction  of  this  acid 
to  Phofphorus. 

Sixteen  ounces  of  this  glacial  acid  were' 
pounded  with  eight  ounces  of  charcoal 
povi'der  in  a hot  Iron  mortar,  and  the  mix- 
ture was  introduced  into  an  earthen  retort 
which  it  filled. 

This  quantity  of  charcoal  was  not  necef- 
fary  to  the  formation  of  phofphorus ; but 
was  employed  to  engage  the  phofphoric  acid, 
and  to  prevent  it  from  preying  on  the  veflel, 
and  forming  glafs  inflead  of  phofphorus. 

The  retort,  previous  to  the  ufe  of  it,  was 
wafned  externally  with  a flrong  folutlon  of 
two  parts  of  Borax  mixed  with  one  of  Lime ; to 
clofe  the  pores,  and  form  a coat  of  glafs,  during 
the  incandefcence  of  the  velicl.  It  was  alfo 
lined  internally  near  the, bottom  with  charcoal 
powder;  and  being  duly  placed  on  the 
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feed  of  a reverberatory  furnace,  the  neck  was 
elongated  by  luting  to  it  a copper  tube, 
which  made  the  whole  length  of  the  neck 
2 2 Inches.  Glue  lute  was  ufed  for  this  pur- 
pofe ; and  the  end  of  the  copper  tube  was 
barely  covered  with  water.  A greater  length 
of  the  neck  was  reprefented  as  irnneceflary ; 
all  the  phofphorus  that  can  be  faved,  being 
always  found  in  a concrete  ftate,  within 
twelve  Inches  from  the  wall  of  the  fiirnace  ; 
when  the  dlftillation  is  flow  and  attended  with 
the  fmallefl;  wafl:e. 

The  Are  was  applied  gradually  for  two 
hours  or  more,  before  the  heat  was  fufEcienfi 
to  melt  the  phofphoric  acid  ; in  order  to  make 
the  charge  as  dry  as  poflible,  and  to  leflen 
the  dommotion  which  is  apt  to  throw  the 
charcoal  upwards  and  expofe  the  retort  to  the 
adtion  of  the  acid. 

During  the  diftillation  with  a greater  heat, 
the  water,  which  was  impregnated  with  the 
fuliginous  and  faline  impurities  Arfl;  carried 
over,  was  removed,  before  the  phofphoric 
matter  began  to  rife ; and  afterwards  due 
care  was  taken  that  the  concrete  phof- 
phorus (hould  not  block  up  the  neck,  and 
prevent  the  free  efcape  of  the  elaflic  fluids. 

This 
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This  was  done  in  the  prefent  inflance,  by 
the  ufe  of  a wide  necked  veffel  : and  it  w^as 
lliewn  that  the  phofphorus  may  be  melted 
.out  of  a narrower  neck,  by  placing  an  hot  bar 
of  iron  under  it* 

“ When  the  efflux  of  elaftlc  fluids  ceafes  in 
“ confequence  of  a ftoppage  of  this  kind,  an 
“ exploflon  of  the  retort  follows  in  a few  mi- 

nutes,  if  the  neck  be  not  heated.” 

The  elaflic  fluid  which  iflued  through  the 
water  during  the  diflillation  of  the  phofphG- 
rus,  fhewed  a weak  and  lambent  light,  fimi- 
lar  to  that  of  cold  phofphorus,  where  it 
mounted  in  the  air ; but  when  received 
in  vefl'els  void  of  air  it  fhewed  nothing 
luminous. 

When  conflned  by  a funnel  inverted  on 
the  water,  it  was  luminous  only  at  the  tube 
of  thg  funnel  where  it  met  the  air  ; and 
here  it  flaflied  at  the  approach  of  a taper,  and 
when  inflamed,  continued  to  burn. 

Succeflive  portions  of  this  elaflic  fluid  were 
(hewn  to  confifl:  of  carbonic  acid  gas  mixed 
with  between  tt  and  4-^  of  hydrogen  gas  and 
phofphorus  impregnated  with  a fraall  quantity 
of  azotic  sas.  The  former  was  faid  to  be  the 
natural  pro^udl  of  Carbo  combined  with  the 

oxygen 
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bxygert  or  the  phofphoric  acid ; whilfl  the 
hydrogen  gas  proceeded  chiefly  from  the 
aqueous  matter  introduced  by  the  Carbo,  the 
moifl;  retort  and  the  deliquefcent  acid,  and 
perhaps  partly  from  the  ammoniac  above 
mentioned;  The  fmall  quantity  of  azotic 
gas  was  imputed  to  the  charcoal  which  yields 
lbm«  azot  in  every  decompofition  of  it ; 
and  partly  to  the  ammoniac  of  which  it  is  a 
conftituent  principle. 

“ Any  of  thefe  gaites  wafting  phofphoAis 
“ when  it  is  extremely  divided^  is  capable 
“ of  holding  a part  of  it  fufpended  for  a con- 
“ fiderable  time ; but  carbonated  hydrogen 
“ gas  retains  it  with  the  greater  obftiilacy.” 

The  phofphorated  inflammable  gas  of  this 
diftillation,  being  feparated  from  the  Carbo- 
nic acid  gas,  and  at  the  fame  time  divefted  of 
the  greater  part  of  the  phofphorus,  and  being 
mixed  with  oxygen  gas,  and  inflamed  by  a 
fpark,  exploded  like  hydrogen  gas  fired  in 
the  fame  way ; but  being  gradually  burned  at 
the  mouth  of  a bottle,  fhewed  the  phof- 
phoric  and  carbonic  impregnation. 

“ Phofphorated  hydrogen  unwafhed  and 
“ carrying  its  full  charge  of  Phofphorus, 
“ catches  fire  by  the  mere  agency  of  air.’* 
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In  confequence  of  the  wafte  of  phofphoru?i 
thus  unavoidably  wafted  away  by  incoerd- 
ble  fluids,  equal  in  weight  to  the  whole  of 
the  phofphoric  acid  employed,  the  quantity 
of  Phofphorus  favcd  was  fcarcely  four  ounces. 

If  the  diflillation  had  been  carried  on  more 
quickly,  the  produce  would  have  been  propor- 
tionally lefs ; for  all  that  pafled  in  a ftate  of  di- 
vifion  into  the  water,  underwent  a partial 
dccompofition  which  rendered  it  ufelefs. 

It  was  ftated  on  grounds  which  are  pre- 
fently  to  be  defcribed,  that  the  above  charge 
of  phofphoric  acid,  fuppofing  It  to  be  pure, 
contained  6i  ounces  of  Phofphorus  ; and  that 
fo  much  would  have  been  found,  if  the  whole 
could  have  been  faved, 

Whilft  the  retort  was  cooling,  fome  of 
the  gas  of  the  procefs  was  introduced  intp 
the  neck,  to  prevent  the  water  from  being 
prefl'ed  into  it. 

When  it  had  cooled  to  the  temperature  of 
the  air,  the  neck  of  the  retort  was  broken 
quickly  into  water,  and  the  wetted  mafs  of 
phofphorus,  none  of  which  reached  to  tli^ 
icopper  tube,  was  taken  out. 

If  the  retort  were  otherwife  opened,  the 

film  and  powder  of  PhofpUorus  which  lined 

ft  part 
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a part  of  the  neck,  \vo'uld  have  catched  f r6 
by  the  mere  expofiire  to  air,  and  would 
have  iiifl.med  the  inafs.* 

The  charcoal  remaining  in  the  retort,  was 
quite  friable  or  powdery. 


The  experiment  mentioned  by  a vlhtor  at 
the  laft  meeting  was  now  deferibed. 

He  faid  that  “ he  had  expoled  thirty  cu* 
blc  inches  of  pure  hydrogen  gas  to  phof- 
“ phorus  ; both  being  confined  by  mercury, 
“ at  the  temperature  of  6o°.  Eight  cubic 
“ inches  of  the  gas  were  ablbrbed,  and  the 
“ phofphorus  became  liquid  acid.  The  mer- 
“ CLiry  was  covered  with  a black  film  : x'^nd 
“ the  rerhaining  gas  was  found  to  confifi:  of 
“ hydrogen  gas  mixed  with  to  of  its  bulk  of 
“ oxygen  gas,  by  the  nitrous  tefi.” 

It  was  not  deemed  necefi’ary  to  follow  this 
experiment  in  all  its  circumflances  ; until  the 
redlification  of  phofphorus  which  was  now 
carried  on,  and  which  was  compereiit  to 
decide  oiv  this  tul-ijctfi:,  Ihould  lie  ritiifiied. 

Dr.  PowPL  in  the  m^n  time  laid  that 
‘‘  he  had  made  the  delcribed  experiment  with 

R 3 “ phof- 
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“ phofphorus  and  hydrogen  gas.  He  had 
“ obferved  a diminution  of  the  volume  of 
“ the  gas,  and  the  film  on  the  mercury;  but 
“ he  found  no  acid.” 

The  experimenter  faid  that  phofphorus  is 
foluble  to  a certain  quantity  in  hydrogen  gas ; 
that  air  admitted  to  phofphorated  hydrogen, 
Inflames  it ; and  that  the  product  is  phof- 
phoric  acid  and  water.  Having  often  in  the 
courfe  of  twenty  years  ufed  hydrogen  gas  in 
the  reflification  of  phofphorus,  he  obferved 
a part  of  the  hydrogen  gas  was  expended 
in  the  folution  of  phofphorus,  but  nothing 
like  the  production  of  oxygen  gas  or  the  for* 
matlon  of  acid. 


The  procefs  for  rectifying  phofphorus  arid 
apply itig  hydrogen  gas  was  now  fliewn  and 
defcribed. 

The  phofphorus  of  the  former  procefs  had 
the  colour  and  opacity  of  the  Common  Refln 
called  Black  Refin ; and  was  vifibly  tainted 
with  the  fuliginous  matter  carried  up  with  the 
elaflic  fluids. 

To  purify  fuch  phofphorus  for  experimen- 
tal ufe,  eight  ounces  were  t^ken  from  the 

pro- 
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products  of  former  procefles  and  treated  In 
the  following  maimer. 

A wide  necked  retort,  capable  of  holding 
half  a pint  of  water  in  the  body,  was  charged 
with  dlftilled  water ; and  then  wdth  the  phof- 
phorus  in  pieces  as  large  as  the  neck  would 
admit. 

The  retort  was  heated  in  hot  fand  until 
the  phofphorus  melted  and  fublided  under 
the  water.  The  whole  being  cooled,  the 
phofphorus  adhered  to  the  retort ; and  the 
water  was  expelled  by  hydrogen  gas,  which 
was  confined  by  finking  the  mouth  of  the 
retort  under  water. 

The  retort  was  then  placed  in  fand  which 
covered  the  helm  and  part  of  the  neck,  and 
fire  was  gradually  applied. 

During  the  diflillation,  and  efpeclally  about 
the  commencement  of  it,  due  care  was  taken 
that  the  water  into  which  the  phofphorus 
was  to  be  diftllled,  fhould  not  be  forced  into 
the  retort,  in  confequence  of  the  con- 
denfation  of  the  aqueous  vapour  which  de* 
prefied  it. 

As  the  diflilled  phofphorus  concreted  in  the 
neck  of  the  retort,  and  would  have  blocked  it 
up  entirely ; hot  water  was  poured  on  this 
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part  until  the  phofphorus  melted  and  fank* 
in  the  water, 

The  diitillatlon  being  carried  on  flowly  and 
fteadily,  the  pholphorus  thus  redtified  was 
nearly  as  tranfparent  and  colourlefs  as  gum 
copal.  ' 

When  any  fpray  from  the  effervefcing  mar*^ 
tial  folution,  is  permitted  to  enter  the  water 
which  receives  the  phofphorus,  this  laft  is 
affeiled  by  the  martial  matter,  in  the  man^ 
nen  of  a vegetable  aftringent ; for  the  phof- 
phorus becomes  opaque  and  blackened;  a 
circumftance  from  which  inferences  may  be 
drawn,  which  d(>  not  belong  to  this  place. 

During  this  diftillation,  and  repeated  ap- 
plications of  hydrogen  gas  at  ir.ght  ; the 
candles  being  removed  and  the  place  com-t 
pleatly  darkened  ; no  light  or  combuftioii 
appeared  upon  the  entry  of  the  hydrogen, 
or  afterwards,  to  Mr.  Hyatt  and  two  ex- 
perimenters who  attended. 

This  ufe  of  hydrogen  gas  in  the  redlifica- 
tion  of  pholphorus,  Ihewed  that  tiie  learned 
gentleman  who  fuggefted  the  experiment, 
mull  have  been  deceived  by  fome  circumftance 
w'hlch  he  had  not  noticed.  For  if  -ik  or  -jk- 
of  the  bulk  of  the  hydrogen  gas  introduced, 

had 
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liad  afTumed  the  properties  of  oxygen  gas  ; 
the  phofphorns  would  become  lucid  after 
every  change  of  hydrogen  gas  ; and  the  half 
pint  of  water  which  ferved  to  cover  the  mouth 
of  the  retort,  would  have  dlfcovered  conh- 
derable  acidity.  But  the  phofphorus  was 
never  luminous,  and  the  water  contracted  no 
fournefs,  during  fix  hours,  in  which  about 
four  pints  of  hydrogen  gas  were  introduced, 
and  expended  in  forming  phofphorated  hy- 
drogen gas,  which  occafionally  paffed  through 
the  water,  and  flaflied  at  the  furface, 
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Oxygenations  of  Charcoal^  Alkohol^  Sulphur^  Py’^ 
rophori,  Phofphoraied  Hydrogen  Gas, 

PROCESSES. 

As  the  arrangements  neceflary  for  the  oxy-^ 
genation  of  bodies,  in  meafured  quantities  of 
oxygen  gas  or  air,  generally  required  much 
time,  although  the  impreffive  phenomena 
were  exhibited  in  a few  minutes  ; the  expe- 
riments of  this  kind  were  introduced  at  dif- 
ferent meetings,  when  the  flow  and  uniform 
progrefs  of  others  admitted  of  it.  They  arc 
here  drawn  together  in  the  order  fitteit  for 
concife  defciiption. 

Charcoal  was  placed  in  oxygen  gas  in  the 
manner  of  the  experiment  of  Lavoisier,  page 
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1 1 2,  to  be  Inflamed  at  a more  convenient 
time ; the  great  mercurial  trough  being  now 
engaged. 

An  experiment  anfwering  the  fame  pur* 
pofes  was  performed  as  follows. 

A fmall  piece  of  charcoal  heated  to  red- 
nefs  at  one  of  Its  angles,  and  weighed  in  this 
flate,  was  placed  in  a flat  iron  cup,  which 
floated  in  the  mercury  of  a deep  mercurial 
trough.  A ftrong  glafs  bottle  which  had  a 
long  neck  wide  enough  to  receive  the  iron 
cup,  and  which  was  filled  with  three  pints 
of  oxygen  gas,  was  quickly  placed  over  the 
cup  and  deprefled  forcibly  into  the  mercury, 
to  prevent  any  part  of  the  gas  from  efcaping 
during  the  dilatation. 

The  combuflion  was  rapid  and  brilliant, 
with  crackling  fcintillatlons,  at  the  begin- 
ning; but  grew  weaker  by  degrees,  until  it 
was  extlnguhhed  by  the  Carbonic  acid  gas 
produced  by  the  union  of  the  oxygen  with 
the  carbo  of  the  coal. 

When  the  charcoal  remaining  in  this  ex- 
periment, or  in  that  of  Lavoisier,  was 
weighed ; and  when  the  carbonic  acid  gas  of 
each,  feparated  from  the  refiduary  oxygen 
gas,  was  meafured,  it  appeared  that  the  carbo 

and 
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oxygen  combined  nearly  in  the  pro- 
portion of  23  to  72  by  weighty  o 

of  carbonic  acid  gas : and  that  the  weight  of 
this  laft  was  nearly  equal  to  the  fum  of  the 
weights  of  the  confumed  carbo  and  oxygen; 
iiotwithftanding  the  efcape  of  the  Caloric 
and  Light, 


A fmall  long  necked  retort  was  charged 
with  eight  ounces  of  oxyd  of  mercury  by 
nitrous  acid,  and  half  an  ounce  of  charcoal 
finely  powdered  and  placed  over  the  oxyd.^ 
The  body  of  the  retort  was  funk  in  the  fand 
bed  of  a reverberatory  furnace,  to  the  depth 
of  the  oxyd,  and  the  fire  was  applied  to  red- 
den the  charcoal,  before  the  oxyd. 

As  charcoal  imbibes  moifture  which  can- 
not be  expelled  from  it  by  lefs  than  a red 
heat ; in  which  the  water  is  decompofed  and 
expended  in  the  formation  of  Caibonic  acid 
gas  and  hydrogen  gas;  and  as  this  quantity 
of  Charcoal  was  too  great  to  be  consumed  by 
the  oxygen  of  the  oxyd,  it  was  expe£fcd  that 
fome  hydrogen  gas  would  accompany  the 
Carbonic  acid  gas  from  this  charge. 
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The  event  of  the  experiment  was,  that  none 
of  the  oxygen  gas  efcaped  the  charcoaL  The 
mercury  of  the  oxyJ  pafiecl  into  the  water 
through  which  fheeiaitic  fluid  was  gradually- 
delivered  ; and  this  lafl:  confifled  of  Carbonic 
acid  gas,  containing  a very  fmall  quantity, 
by  weight,  of  hydrogen  and  azotic  gas. 

In  this  way  the  weight  of  the  carbonic 
acid  eas  mip-lit  eafilv  be  afcertained;  for  the 
weight  of  the  oxygen  of  the  pure  oxyd,  was 
that  by  which  the  oxyd  exceeded  the  mercu- 
ry depofitediii  the  water  ; the  weight  of  un- 
confumed  charcoal  fhevving  the  quantity  of 
Carbo  expended  in  the  formation  of  carbonic 
acid  gas.  ibme  allowance  being  made  for  the 
fmali  quantity  of  hydrogen  gas  and  azotic 
gas  which  appear  in  thefe  and  in  all  combuf- 
tions  of  charcoal, 


A fmall  quantity  of  Alkohol  was  burned 
in  oxvgen  gas,  fo  as  to  flaew  that  the  product 
was  Carbonic  acid  gas  and  water,  exciufive 
of  the  emitted  Caloric  } and  that  Carbo  and 
hydrogen  are  the  chief  principles  of  fpirit  of 
\vlne, 
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At  this  meeting  and  feveral  others,  Alko- 
hol  was  (lowly  burned  with  atmofpherlc  air 
in  the  inftrument  defcribed  by  Lavoisier, 
page  517. 

The  Carbonic  acid  gas  and  water  produced 
in  .this  procefs,  were  obferved  by  Mr.  Lewis 
to  have  an  Empyreumatic  fmell.  And  not- 
withftanding  the  great  quantity  of  the  alko- 
hoi  expended  in  the  formation  of  the  gas, 
the  water  faved  in  the  refrigeratory,  exceeded 

the  alkohol  in  weight. 

Mr.  Grant  made  a very  juft  remark  on 
this  fubjea.  He  faid  that'  the  heated  air 
alone  would  depofite  moifture  in  paffing  thro’ 
the  refrigeratory  ; and  in  a combuftion  car- 
ried on  fo  (lowly,  the  water  thus  depofited, 
might  equal  or  exceed  that  which  was  form- 
ed by  the  union  of  oxygen  with  the  hydro- 
gen of  the  alkohol. 
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The  combuftion  of  Sulphur  In  oxygeit 
gas,  and  the  converfion  of  it  by  the  oxygea 
into  fulphureous  acid,  was  (hewn  in  the 
fame  way. 

The  procefs  of  the  manufadurers  of  Sul*- 
phuric  acid,  was  alfo  exhibited  in  a veflel 
which  was  large  enough  to  admit  a dram  of 
the  fulphur  to  be  introduced  and  inflamed  at 
once.  Many  fucceflive  charges  confifting  of 
the  fulphur  mixed  with  f of  Nitre,  were 
confumed  the  air  aflifting  the  oxygen  of 
the  Nitre,  in  ’maintaining  the  combuftion 
and  the  converfion  of  the  fulphur  to  Acid  ; 
and  a fmall  quantity  of  water  placed  ia 
the  veflel,  ferving  to  facilitate  the  conden* 
fation  of  the  Acid  Vapour. 

The  method  of  compleating  the  oxygena- 
tion and  concentrating  the  weak  acid  thus, 
prepared,  by  diflillation  in  veflels  aceefllble 
to  air,  was  alfo  fliewn. 


Pyro- 
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Pyrophorl  being  reprefented  as  fpongy  bd- 
dies,  ill  which  combiiftible  matter,  fuch  as 
Carbo  and  Sulphur,  may  be  ex  poled  to  air, 
in  circumftances  highly  favourable  to  the 
quick  oxygenation  and  cdmbuftioii  of  them  ; 
a fpecimen  of  Pyrophorus  made  with  alurti 
and  flour  was  produced  ; which  was  fo  vi- 
gorous-as  to  enter  into  combuflion  as  fafl:  as 
it  fell  from  the  mouth  of  a bottle  in  which 
it  was  made.  The  bottle  being  held  high 
before  it  was  opened  and  inverted,  the  fpark- 
ling  ftream  of  inflamed  powder  reached  from 
the  mouth  of  it  to  the  ground. 

After  fhevving  the  produfts  of  this  com- 
buftion'in  meafured  quantities  of  atmofpheric 
air ; the  Experimenter  gradually  Introduced 
about  fixty  grains  of  the  Pyrophorus  into  a 
pint  of  oxygen  gas,  through  mercury.  The 
combuftion  which  was  very  brilliant,  took 
place  at  the  inftant  of  the  mixture  : the  oxy- 
gen gas  diiappeared,  and  its  place  was  occu- 
pied by  lulphureous  gas  and  Carbonic  acid 
gas.  The  folid  relidue  of  the  pyrophorus, 
was  Argil  and  embryon  alum  (lightly  coloured 
with  Carbo,  which  being  defended  by  the 
argil,  efcaped  the  combuftion* 
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To  burn  and  oxygenate  the  pyrophoruS 
perfedlly,  the  narrow  neck  of  one  of  the  fmall. 
bottles  of  pyrophorus  hereafter  to  be  defcri- 
bed,  was  inverted  to  hop  the  mouth  of  a large 
bottle  containing  a quart  of  pure  oxygen  gas. 
As  the  pyrophorus  fell  from  the  upper  bot- 
tle, it  exhibited  a fiery  brilliant  ftream,  and 
the  refidue  of  the  heated  and  half-burnt  py- 
rophorus, accumulated  at  the  bottom  of  the 
lower  bottle,  was  burned  nearly  to  the  pro* 
per  whitenefs  of  the  argillaceous  matter. 

The  perfedion  of  the  pyrophorus  employ* 
ed  in  thefe  experiments,  induced  a member 
to  dehre  that  the  procefs  Ihould  be  deferibed 
in  the  minutes. 

Three  parts  of  Roman  alum  were  mixed 
with  one  of  flour  in  an  iron  pot.  The  mafs 
was  agitated  during  the  liquefadlon  by  heat* 
and  the  dried  parts  were  broken  into  the  li- 
quid, by  an  iron  fpathula,  until  the  whole 
became  grey  and  pulverable  whilfl;  hot.  The 
heat  was  flowly  augmented  and  equally  ap- 
plied to  all  parts  of  the  mixture,  and  care 
was  taken  towards  the  end  of  the  procefs  to 
prevent  any  adheflon  of  the  mafs  to  the  pot. 

Twelve 
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^Twelve  ounce  phials  of  green  glafs  \Vere 
nightly  coated  with  white  clay.  For  this 
purpofe  the  clay  was  difFufed  in  water  to  give 
it  the  fpiffitude  of  cream.  The  bottles  were 
walhed  externally  and  internally  with  this 
liquor;  and  placed  in  a warm  place  where 
they  were  often  turned,  until  the  thin  coating 
became  even  and  dry. 

The  bottles  thus  prepared  were  filled  from 
the  dry  mafs  above  mentioned,  broken  into 
coarfe  powder ; and  were  placed  in  an  iron 
pot,  with  fand  to  furround  and  fuppott  them 
at  equal  dlftances  and  to  the  fame  height. 

A fmall  ball  of  plaftic  clay  was  (lightly 
prefled  on  the  mouth  of  each  bottle ; 
and  the  fand  was  raifed  to  (land  even 
with  the  mouths.  Charcoal  powder  was 
placed  over  thefe  to  the  depth  of  half  an 
inch,  and  laftly  an  earthen  cover  was  luted 
to  the  pot. 

The  purpofes  were  to  allow  a free  pafTage 
to  the  elaftic  fluids  which  were  to  ilTue  ; and 
to  prevent  any  air  from  returning  into  the 
bottles,  before  it  had  depofited  its  oxygen  in 
the  charcoal.  The  iron  pot  thus  charged 
was  heated  to  rednefs ; and  this  heat  was 

maintained  for  an  hour  and  an  half.  It  was 

then 
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lliCn  raifed  oUt  of  the  furnace  and  fufrered  td 
Cool  quickly. 

When  all  was  Cold,  the  bottles  with  their 
ftoppers  of  clay  were  placed  with  the  mouths 
inverted  in  mercury. 

The  experimenter  fald  that  the  pVrophorus 
tnay  thus  be  kept  for  many  years  unimpaired. 

In  this  procefs  the  oxygen  of  the  fulphuriC 
acid  of  the  alum  is  expended  in  the  formation 
of  Carbonic  acid  gas,  with  the  charred  flour  ; 
and  the  refiduary  fulphur  and  Carbo  difFufecl 
in  the  fpongy  mafs  of  Argil,  form  the  pyro- 
phorus  which  imbibes  oxygen  gas  by  capil- 
lary attradlion,  and  prefents  thefe  combuf- 
tible  principles  to  it,  in  a flate  of  extreme 
divifiorii 

As  farinaceous  and  faccharine  bodies^  and 
vegetables  in  general  contain  fome  phofphoric 
matter,  it  is  poflible  that  a fmall  portion  of 
phofphorus  may  fubfift  in  pyrophori  of  this 
kind.  But  the  extreme  divifioil  of  the  carbo 
and  fulphur  and  the  fponginefs  of  the  beft: 
pyrophori,  appear  to  be  chiefly  inflrumental 
in  -the  quick  and  fpontaneous  afcenfion  of 
them  in  air. 

To  illuftrate  the  effe£l;  of  the  fpongy  tex- 
ture, a piece  of  light  charcoal^  intenfely  heat- 
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ed,  and  quickly  Introduced  into  a veffel  cort- 
tainlns  fix  times  its  bulk  of  air  confined  over 
mercury,  in  the  manner  of  the  Abbe  Fon- 
tana, was  (hewn  to  abfbrb  the  whole  of 
the  azotic  as  well  as  the  oxygen  gas,-  and 
confequently  to  condenfe  the  azotic  gas  to  a 
great  degree  by  mere  capillary  attracSlion  5 
for  it  was  obferved  that  the  experiment  fuc- 
ceeds  with  any  gas. 

Phofphuret  of  lime  was  prepared  In  (he 
following  manner. 

A long  phial  which  the  following  ingredi- 
fents  might  fill  exadly,  an  otince  of  ftonelime 
in  coarle  powder,  and  half  an  ounce  of  phot- 
phorus  cut  into  fmall  pieces,  being  provided; 
about  half  a dram  of  the  lime  was  introduced 
into-the  bottle,  then  half  this  quantity  of  (he 
phofphorus  dried  in  blotting  paper  5 and  the 
remaining  lime  and  phofphorus  were  added  in 
alternate  ftrata.  The  bottle  ftood  in  water 
cooled  by  ice,  and  being  loofely  flopped  with 
a cork,  was  removed  into  a fand  pot  and  fur- 
rounded,  to  the  height  of  the  neck,  with 
^yarm  fand.  The  heat  was  encreafed  quickly 
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and  bontlniied,  until  the  lime  appeared  to 
be  uniformly  irhpregnated,  and  to  have  ac- 
quired an  auburn  coldUr. 

When  the  bottle  was  removed  from  the 
fand  which  waS  heated  almoft  to  rednefs,  the 
cork,  which  before  permitted  the  efcape  of 
the  redundant  phofphorus,  in  form  of  com* 
buftible  vapour,  was  prefled  in;  to  prevent 
the  entry  of  air  during  the  cooling. 

If  lefs  of  the  phofphorus  had  been  expel- 
led, the  phofphuret  would  have  cooled  to  a 
^.hard  mafs ; if  much  more  had  been  evapora- 
ted by  a greater  heat,  the  phofphuret  would 
have  been  effete  and  unfit  for  the  ufe  to 
which  it  was  to  be  applied. 

The  phofphuret  thus  duly  prepared.  Was 
friable  and  eafily  broken  in  the  bottle  when 
cold,  by  means  of  an  iron  wire. 

Half  an  ounce  of  it  poured  into  a wine  glafs 
almofl:  filled  with  water,  the  rhouth  of  the 
bottle  being  held  clofe  to  the  water,  foon 
prefented  the  expe61:ed  phenorhena ; but  not 
fo  well  as  Phofphuret  ufcd  in  the  followung 
manner. 

One  of  the  bottles  charged  In  the  foregoing 
method  with  Phofphuret  of  Lime,  was  funk 
in  a conical  veflel  filled  with  a pint  of  water} 
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and  the  cork  being  removed,  the  bottle  was 
broken  in  the  water,  by  means  of  a pair  of 
pinchers.  A part  of  the  cold  water  was  ta- 
ken away,  and  hot  water  was  added  to  fill 
the  veflbl  to  the  lip,  and  to  raife  the  tempe- 
rat  lire  to  80*’. 

An  elaftic  fluid  foon  ilTued  from  the  wet- 
ted phofphuret,  and  flafhed  at  the  furface. 
where  it  met  the  air.  When  the  troubled 
liquor  had  acquired  greater  tenacity  than  that 
of  water,  bubbles  formed  and  fwelled  on  the 
furface,  and  burft  fucceffively  with  explofi^. 
flalhes.  From  each  brilliant  and  diftin£t  flalh 
arofe  a thick  ring  of  denfe  vapour  as  white  as 
fnow,  bounding  an  open  circular  area,  two 
or  three  inches  in  diameter.  Thefe  rings 
widened  gradually  and  regularly  as  they 
mounted  in  quiefeent  air,  until  they  included 
areas  of  one  or  two  feet  in  diameter;  in  af- 
cending  to  the  height  of  10  or  15  feet,  they 
' maintained  their  horizontal  pofition,  until 
they  were  difperfed  by  fpreauing. 

The  following  explanation  was  offered. 

Phofphoriis,  like  other  combuflible  bodies, 

attrafls  oxygen  with  fuffieleiit  force  to  fie- 

compofe  water,  and  to  detach  the  hydrogen 

and  due  incalefceuce  is  all  that  is  neceflary  to 

pro- 
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promote  the  oxygenation  of  phofpliorus  by 
water. 

This  incalefcence  is  caufed  by  the  flaking 
lime;  and  whilfl:  the  oxygen  of  water  com- 
bines with  phofphorus,  the  hydrogen  which 
attracts  phofphorus  and  Caloric,  pafles  off 
with  thefe  in  the  form  of  phofphorated  hy- 
drogen gas. 

This  gas  prefents  the  phofphorus  in  a flate 
of  extreme  divifion  to  the  air,  which  confe- 
quently  inflames  the  phofphorus,  and  alfo  the 
hydrogen  gas  expofed  to  this  flame,  as  fall 
as  the  fwoln  bubbles  burfl:  from  the  water. 

The  produfi:  of  the  combuftion  is  floccu- 
lent  phofphoric  acid  and  aqueous  vapour, 
thrown  by  the  eccentric  impulfe  of  the  ex- 
plofion,  into  the  form  above  deferibed  and 
buoyed  in  the  air,  until  the  ring  is  cooled  or 
diffipated. 

How  far  Eleflric  matter  might  have  con- 
tributed to  this  phenomenon  of  the  rings, 
was  not  examined. 

Thefe  experiments  were  reprefented  as 
additional  proofs  of  the  notion  formerly  ex- 
prefled,  in  regard  to  the  nature  of  Caloric 
and  Light,  and  to  the  oxygen  as  a common 
principle  of  all  acids  and  oxyds, 
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Pecmipofimt  of  WaUr^  Metallic  Oxyds^  and 

Acids, 

I T wgs  the  general  opinion  in  refpe^l:  to  the 
experiments  announced  for  the  abftradion  of 
oxygen  from  metallic  oxyds  and  water  and 
apids,  that  the  mod  impreffive  and  durable 
ought  to  be  made,  previous  to  thofe  which 
might  be  fitter  for  accurate  menfuratlons 
and  a fmaller  party. 

The  fird  experiment  for  decompofing  wa- 
ter, differed  from  that  deferibed  by  Lavoi- 
sier, page  140  and  481,  in  the  following 
particulars  only. 

Jndead  pf  274  grains  of  plate  Iron  rolled 

up 
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up  fplrally  and  placed  in  a glafs  tube,  3 oz. 
10  dt.  = 1680  grains  of  the  fineft  harpfichord 
wire,  were  loofely  wound  into  balls  and  ram- 
jned  into  a mufquet  barrel,  from  which  the 
part  which  receives  the  breach-pin  was  cut 
off  at  the  touch-hole. 

The  reverberatory  furnace,  acrofsthe  bed  of 
which  the  barrel  was  placed,  had  the  advan- 
tage of  heating  the  middle  part  of  the  barrel, 
w’here  it  w'as  charged  with  iron  wire,  to  the 
length  of  2a  inches  ; whilft  the  ends,  which 
projected  out  of  the  furnace,  were  kept  cool 
by  a current  of  air. 

The  glafs  retort  which  was  fmall,  was  filled 
to  the  helm  with  three  ounces  of  water,  and 
when  luted  into  the  thick  end  of  the  barrel, 
was  heated  by  an  Argand  lamp,  inffead  of  a 
flove ; and  the  ftand  on  which  the  lamp  flood, 
could  be  raifed  or  lowered  by  means  of  a fcrew, 
to  regulate  the  evaporation  of  the  water. 

The  fpiral  worm  and  refrigeratory  into 
which  the  fmaller  end  of  the  barrel  was  luted, 
was  not  at  all  affeded  by  the  heat  of  the  fur- 
nace, and  was  kept  at  a low  temperature 
during  the  operation,  by  throwing  ice  into 
the  water,  to  prevent  the  current  of  hydrogen 
•eras  frqni  wafting  away  any  aqueous  vapour 
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whleh  might  efcape  the  intended  decom-^ 
pofition. 

The  quick  condenfatlon  of  fuch  vapour  In 
the  wofm,  was  ^Ifo  promoted,  by  making 
the  mercury  through  which  the  hydrogen  gas 
was  forced,  to  prefs  on  it  with  a column  of 
one  inch. 

When  the  naufket  barrel  was  heated  to 
incandefcence,  and  the  water  in  the  fmall 
retort  was  made  to  boil  gently^the  hydro- 
gen gas  which  iffued,  was  received, in  quart 
bottles  fucceffively  applied;  until  the  im- 
menfe  bulk  and  experienced  purity  of  it,  ren^ 
dered  the  further  menfuration  inconvenient, 
and  unnecefTary  for  the  prefent  purpofes, 

A part  of  the  mercury  being  then  with-? 
drawn,  the  gas  was  pafled  off  more  quickly 
through  a two  inch  column  of  water,  into  a 
fmall  glafs  funnel  inverted,  which  delivered 
it  into  the  air.  After  the  gas  had  palled  for 
about  an  hour,  from  the  commencement 
pf  the  opefation,  it  was  inflamed  at  the  tube 
of  the  funnel,  to  prevent  it  from  being  ofFen- 
five,  whllfl:  the  fociety  were  detained  by 
other  experiments. 

In  this  experiment,  a circumftance  which 
feemed  to  have  efcaped  Mr.  Lavoisier’s  at- 
tention, 


( 28i  ) 

tentlon,  was  duly  coniidered.  A worm  of 
rhis  fize  muft  retain  a confiderable  quantity 
of  water  adhering  to  its  internal  furface. 
The  worm  was  therefore  wetted,  before  the 
muzzle  of  the  mufket  barrel  was  cemented 
to  it ; and  it  was  drained  for  twelve  hours 
before  the  recipient  was  cemented  to  the 
beak  of  it.  The  intention  was  that  the  like 
time  fhould  be  allowed  for  draining  the 
worm,  after  the  experiment ; and  that  the 
adhefion  of  water  to  the  worm,  fliould  not 
prevent  the  true  menfu ration  of  that  which 
might  pafs  unaltered  through  the  wire. 

As  the  veffels  were  fet  for  24  hours  before 
the  experiment  was  commenced  in  the  pre- 
fence of  the  Society,  fome  members  obferved 
a few  drops  of  water  which  had  drained  from 
the  worm  into  the  recipient,  in  the  laft  12 
hours  ; but  the  caufe  being  explained,  they 
prefently  perceived  that  this  availed  nothing 
^gairdl  the  experiment,  and  that  the  addition 
pf  a fingle  drop  of  water  could  eafily  be  dlf- 
covered  in  fo  fmall  a quantity  collected  in  a 
glafs  recipient  of  this  figure  and  fize. 

All  thole  who  were  attentive  to  thefe  cir- 
cumflances,  law  that  the  hydrogen  gas  ilTued 
tg  an  immenfe  bulk  during  a full  hour,  before 

any 
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any  water  trickled  from  the  worm  ; and  per* 
ceived  that  no  water  efcaped  undecompofed, 
whilft  the  wire  prefented  clean  furfaces  to 
the  aqueous  vapour. 

But  when  the  iron  wire  might  well  be 
ej:pe<5led  to  be  fnperficially  and  partially  oxy- 
dated ; the  part  of  the  aqueous  vapour  which 
efcaped  through  it  along  with  the  hydrogen 
giis,  began  to  fhew  itfelf  condenfed  in  drops 
ilowly  trickling  from  the  beak  of  the  worm  ; 
and  as  the  oxydation  went  deeper  into  the 
wire,  and  defended  the  metal  better  from  the 
vapour,  the  quantity  of  condenfed  water  was 
greater,  relatively  to  that  of  the  hydrogen  gas 
Vvhich  accompanied  it. 

When  the  eraiffion  of  hydrogen  gas  had 
almofl:  ceafed,  although  the  water  in  the  re- 
tort continued  to  boll,  tlie  fire  and  the  lamp 
were  withdrawn.  The  water  in  the  recipient, 
after  the  worm  had  drained  for  12  hours, 
being  about  half  an  ounce,  was  added  to  that 
remaining  in  the  retort,  and  weighed  with  it. 

Thus  it  appeared  that  the  quantity  of  water 
expended  in  the  oxydation  of  the  iron  and 
produflion  of  hydrogen  gas,  was  i qz.  6 dt, 
j6  gr.  = 64.0  gr. 

The  wire,  wliicl'f  was  oxydated,  pncreafed  in 

thick- 
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tliicknefs  and  brittle,  and  in  all  refpe^ts  liko 
burnt  iron,  was  broken  out  of  the  barrel 
with  a rammer.  A little  of  it  adhered  in 
fome  places,  and  could  not  be  removed  with- 
out hammering  the  barrel ; in  which  cafe  a 
fmall  quantity  of  the  burnt  furface  of  the 
latter  might  have  b^en  beaten  off*.  But  as} 
the  burnt  wire  was  eafily  dlffinguifhable 
from  the  fcales;  it  was  ffated  that  the  weight 
of  the  oxyd  exceeded  that  of  the  wire  by 
I o^,  j dt.  17.5.  gr. 

As  the  internal  furface  of  the -barrel  was 
oxydated  to  the  length  of  twenty-two  inches ; 
and  27  grains  of  water  may  w'ell  be  allowed 
for  this  oxydation  ; the  refult  of  this  experi- 
ment correfponds  with  that  of  Lavoisier,  in 
regard  to  the  quantity  of  the  oxygen  of  water, 
and  the  quantity  which  iron  takes  from  the 
water,  during  the  oxydation. 

The  experimenter  having  fhewn  a barrel 
much  longer  and  larger  than  the  foregoing, 
ventured  to  promife  that  with  a charge  of 
eight  or  ten  ounces  of  very  fine  wire,  an 
ounce  of  w^ater  fhould  be  fo  compleatly  de- 
compofed  in  it,  that  no  aqueous  vapour  fliould 
efcape  Into  the  worm.  In  this  pafe  it  was 
propofed  that  the  decompohtion  fhould  be 
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efie«5led  more  flowly  ; and  that  the  whole  of 
the  hydrogen  gas  fhould  be  meafured,  to 
fliew  direflly  how  much  hydrogen  is  con- 
tained in  an  ounce  of  water. 


In  the  manner  of  the  lafl:  experiment, 
charcoal  powder  was  ufed  inflead  of  Iron 
wire.  But  as  the  charcoal  could  not  be  ex-- 
pefted  to  preferve  its  pohtion  by  elaflicity, 
and  as  the  aqueous  vapour  was  likely  to  pafs 
over  it,  after  a fhort  time,  inftead  of  paffing 
through  it,  the  charge  was  made  in  the  fol- 
lowing manner.  A pellet  of  clay  was  fixed 
by  two  oppofite  rammers  in  the  mufket  bar- 
rel laft  uied,  at  the  place  where  the  charge 
of  charcoal  was  to  commence,  like  the 
charge  of  Iron  wire.  ^ 

The  fide  of  the  barrel  which  was  to  be 
lowefl,  when  placed  horizontally  in  the  re- 
verberatory furnace,  was  marked  with  a file, 
and  a hole  was  made  through  the  pellet  of 
clay  on  this  fide,  by  the  pointed  end  of  the 
rammer. 

^ few  fragments  of  charcoal  which  could 

not 
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not  pafs  tlxrough  this  hole,  being  thrown  inj 
charcoal  powder  was  added  to  make  a charge 
of  two  inches.  Over  this  another  pellet  of 
clay  was  rammed  and  pierced  in  the  de- 
fcribed  direction  ; and  then  Charcoal  powder 
confined  by  intermediate  pellets  of  clay,  was 
introduced  to  make  a charge  of  22  inches  in 
length.  This  was  compleatly  dried. 

Thus  any  aqueous  vapour  palling  through 
the  barrel,  muft  be  compelled  to  pafs  through 
the  mafs  of  each  fucceffive'  charge  of  char- 
•coal,  fo  long  as  any  of  it  remained  at  the 
lowefl:  fide  of  the  barrel  to  cover  the  perfo- 
rations of  the  pellets. 

The  barrel  having  been  previoufly  oxy- 
dated  on  the  internal  furface,  was  as  fit  for 
this  experiment,  as  a tube  of  glafs  or  Pot- 
ters ware ; becaufe  the  heat  at  which  char- 
coal can  decompofe  water,  is  not  nearly  fo 
great  as  that  which  Is  neccflary  for  the  re- 
dudion  of  oxydated  Iron  to  the  metallic  flate, 
by  carbonaceous  bodies  ; and  the  oxyd  of 
Iron  which  lined  the  barrel,  was  already  a 
fpecies  of  glafs  which  could  not  be  melted  in 
the  experiment. 

The  water  which  was  pulhed  in  vapour 
through  the  charcoal  for  more  than  an  hour. 
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was  all  decbmpofed  ; biit  afterwards  foine 
Vapour  ef^caped  and  was  condenfed  in  the 
worm,  tor  the  reafbns  formerly  mentioned  ; 
and  efpeclally  when  the  vapour  was  prefled 
through  with  too  much  velocity  : the  whole 
iquantity  of  charcoal  being  only  i oz.  7 dt; 

The  produfls  of  the  decompofed  water 
and  confumed  charcoal,  were  Carbonic  acid 
gas  and  hydrogen  gas ; the  bulk  of  the  for- 
mer being  to  that  of  the  latter  generally  as 
1 8 to  I . 

The  experiment  was  continued  for  three 
hours,  and  w'as  highly  impreflive  ; and  every 
fubtequent  attention  to  the  expenditureofabout 
24  dt.  of  water,  and  8 + dt.  of  charcoal,  tended 
to  fhew  that  the  concluflons  exprefled  by  La- 
voisier, page  137,  are  generally  true  in  re- 
gard to  the  decompcfltion  of  water  by  Char- 
coal, and  to  the  conftitution  of  Carbonic 
acid  gas;  although  he  could  not  have  ar- 
rived at  fuch  concluflons  and  menfurations 
without  having  varied  his  experiments  beyond 
all  that  he  has  clefcribed. 

In  the  coiiveiiations  which  followed,  the 
phenomena  of  explohons  from  water  thrown 
On  melted  metals,  or  on  fuel  heated  to  in* 
candeicence  ; and  of  the  hydrogen  gas  which 
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UTues  when  a glowing  bar  of  Iron  Is  plunged 
in  water,  or  when  fulphurets  of  metals  or  me- 
tallic filings  are  coveted  with  water  and  long 
expofed  to  the  acfllon  of  Light,  or  when  me-* 
tals  are  diflolved  in  weak  lulphurlc  acid; 
were  noticed  and  explained. 


A veflTel  fimilar  to  the  Zinc  pot  of  the 
manufacturers,  and  placed  in  their  manner  in 
a fmali  Zinc  furnace,  was  charged  with 
twelve  pounds  of  oxjd  of  Zinc,  and  two 
pounds  of  Charcoal  finely  powdered. 

A ftrong  fire  being  applied  for  eight  hourt, 
the  oxygen  of  the  oxyd  was  all  expended  in 
the  formation  of  Carbonic  acid  gas  with  the 
Carbo,  and  the  Zinc  was  diflilled  through 
the  bottom  of  the  Zinc  pot  into  water. 


Sixteen  ounces  of  the  oxyd  of  Lead,  called 
Litharge,  were  mixed  with  half  an  ounce  of 
Charcoal  powder,  and  duly  heated  in  a retort 
which  delivered  the  gafleous  produCls  throu<?h 
a fmall  quantity  of  water.  The  oxygen  of 
the  Litharge  formed  Carbonic  acid  gas  with 
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the  Caibo,  of  which  fcarcely  any  femalnecJ^ 
and  the  Lead  in  this  oxyd  appeared  to  be  in 
the  proportion  of  85  parts  in  100. 

It  was  obferved  that  this  and  divers  other 
oxyds  prepared  in  reverberatory  furnaces,  or 
by  expofure  to  carbonic  acid  gas  and  air, 
contain  fome  Carbonic  acid  gas,  and  require 
the  lefs  carbo  for  the  redudion  of  them. 


Sixteen  ounces  of  Sulphat  of  Soda  dried 
by  fufion,  were  mixed  with  2?  ounces  of 
powdered  Charcoal ; and  the  heat  being  ap* 
phed  from  above  downwards,  to  moderate 
the  intumefcence,  they  were  flowly  fufed, 
until  Sulphuret  of  Soda  was  formed,  incoii- 
lequence  of  the  efcape  of  the  oxygen  of  the 
Sulphat  in  combination  with  the  Carbo. 

The  Carbonic  acid  carried  oft  a little  ful- 
phur  ; but  not  fo  much  as  to  prevent  the 
chief  part  of  the  fulphuret  from  returning  to 
the  ftate  of  Sulphat  of  Soda,  or  glaubers  fait, 
when  it  had  been  long  expofed  in  a moift 
ftate  to  the  air ; from  which  it  refumed  the 
©xygen  expelled  in  the  foregoing  procefs. 

The  violent  caufticity  of  the  Sulphuret  of 

Soda,  and  the  faponaoeous  quality  which  it 

imparts 


( 289  ) 

iftip&rts  to  watefj  were  mentioned  as  having 
caufecl  great  difappointments  and  Ioffes  to 
Artifts  who  imagined  that  the  cheap  neutral 
fait  was  thus  convertible,  by  charcoal,  into  a 
valuable  alkaline  fubftance  fimilar  to  Ba^ 
rilla. 

Various  other  ttiethods  of  decortipofing 
fulphuric  acid  were  mentioned ; and  the  de- 
compofitions  of  Nitrous  acid  and  Nitric 
acid  by  combuffible  fubftances,  and  ge- 
nerally without  the  aid  of  ignition,  were  an* 
nounced  for  the  ctifuing  meeting* 
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u4n  Attempt  to  explain  the  Agency  of  a Sparky  or 
of  Ignition^  in  the  Afcenjion  of  Comhufible 
Bodies, 

Oxygenations  and  Comhuflions  by  Acids. 

Experiments  indicating  the  Identity  of  the  Matter 
of  Caloric  and  Light, 

A MIXTURE  confifting  of  two  meafures 
of  hydrogen  gas  and  one  of  oxygen  gas,  and 
which  had  been  long  kept  in  a Rate  of  com- 
preftion,  without  having  undergone  any  al- 
teration ; was  now  comprcffed  again  by  a ten 

inch 
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Infch  column  of  mercury  : and  it  was  affirm* 
cd,  from  experiments  made  on  Imaller  quan- 
tities, that  no  condenfing  force  hitherto  ap- 
plied, could  deftroy  the  elafticity  of  tlie  mix-, 
ed  gafles,  or  Compel  the  bafes  to  unite  and 
exclude  the  Caloric. 

Small  quantities  of  fuch  mixtures  were 
then  inflamed  and  exploded^  by  a flint  fpark» 
by  a fmall  bit  of  lighted  tinder,  and  by  an 
ele£lrical  fpark.  A Ifream  of  hydrogen  gas- 
ifluing  from  iron  and  diluted  fulphuric  acid* 
through  a narrow  tube,  into  the  air,  was 
next  inflamed,  and  luffered  to  burn  at  the 
extremity  of  the  tube  for  an  hour,  fhewing 
that  the  afeenflon  of  any  fmall  part  of  a 
mixture  of  hydrogen  gas  and  oxygen  gas,  is 
fufficlent  for  the  deflagration  of  any  quantity 
of  theiTii 

As  the  gafles  thus  Inflamed,  loft  their 
elafticity  together  with  the  Calorie,  whilft 
their  bafes  united  to  form  water,  the  follow- 
ing obfervations  were  made* 

Thefe  phenomena  may  feem  to  be  incom- 
patible with  the  notions  of  Caloric  fo  often 
inculcated.  If  it  were  true  that  the  elafticity 
of  the  gafles  is  maintained  by  Caloric  only, 
and  that  the  fpark  a£ts  on  them  by  Caloric 
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only,  tlie  fpark  ought  to  increafe  the  elal- 
tlcity,  inftead  of  deploying  it.  For  we 
are  tanght  by  general  experience  to  expe«£l 
encreafed  efieds  from  encrealed  powers,  in- 
ftead  of  effeds  fo  different  in  their  nature  as 
thefe  appear. 

This  expedation  is  moreover  warranted 
by  dired  experiments  of  which  the  following 
is  an  inftance. 

The  mixed  gaffes,  when  heated  In  a new 
and  clean  glafs  retort,  expand  with  forces 
augmenting  with  the  heat ; and  when  per- 
mitted to  expand  freely,  may  be  heated  until; 
the  bottom  of  the  retort  becomes  almoft  red  ; 
and  all  this  may  be  done,  without  any  ac- 
cenfion  of  the  gaffes,  or  any  decompofition  of 
them. 

In  anfwer  to  thefe  objedions,  the  follow- 
ing expofitlon  was  propofed. 

In  the  mixture  of  gafles,  and  in  portions 
much  fmaller  than  the  volume  of  a fpark ; 
particles  of  hydrogen  and  of  oxygen  charged 
with  their  refpedive  repellent  atmofpheres, 
intercede  each  other,  and  form  a minute  fyf- 
tem  differing  from  the  whole  in  nothing  but 
volume  or  quantity. 

Let  a,  Plate  III,  reprefent  a particle  of  hy- 
drogen : 
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drogen  and  iet  die  concentric  circles  h 
reprelciit  clitTercnt  altitudes  of  the  fmall  at- 
molphere  of  C.Jorlc  which  is  engaged  round 
a.  As  the  denfities  of  fuch  atmolpheres  de- 
creale  as  the  diftances  from  the  central  par- 
ticles incrcafe,  and  the  prelent  expofitioii  does' 
not  require  that  the  ratio  of  this  decreafe 
fliould  be  exprefled  ; Let  the  dilknces  of  t^e 
atoms  of  Caloric  from  each  other  at  the  al- 
titude b,  be  as  the  diftances  between  a and  b ; 
and  at  the  altitude  c,  as  the  relative  dlftance 
between  b and  c ; and  at  the  altitude  d,  a? 
the  relative  diftance  c d. 

Let  e J g h in  like  manner  reprefent  a 
particle  of  oxygen  with  its  atmoiphere  of 
Caloric. 

In  a fyftem  of  fuch  particles  carrying  their 
refpcflive  atmofpheres  and  carried  by  them, 
the  attractive  central  particles  fuch  as  a and 
cannot  approach  to  unite,  without  exclud- 
ing a part  of  the  Caloric  which  intercedes 
them,  which  exclufion  the  attradlion  of  Ca- 
loric refifts  ; or  without  doubling  the  denfi- 
tles  of  the  atmofpheres  at  every  altitude, 
which  increafe  of  denfity  the  repellent  nature 
of  Caloric  reftfts.  For  in  the  firft  ftage  of 
approximation  of  ^ to  d will  meet  and 

T 3 the 


( .294  ) 

the  denfity,at  d will  be  doubled  ; in  the  next 
flmge  of  approximation  c will  meet  and 
the  denhty  at  c will  be  doubled;  and  in  the 
defer  approximation  the  denfity  of  the  Calo- 
ric at  h when  it  meets  f will  be  doubled. 

To  thefe  approximations  of  the  central  par- 
ticles, and  to  the  concomitant  augmentations 
of  the  denhty  of  the  intermediate  matter,  the 
Caloric  refifts  with  forces  encreafing  with  its 
denfity,  and  with  the  nearer  approach  of  the 
central  particles  towards  each  other,  and 
therefore  the  expanfive  force  of  a mixed  fluid 
thus  conftituted,  is  greater  as  the  denfity  is 
encreafed  by  preflure  ; and  as  the  quantity 
of  Caloric  is  increafed  with  the  augmentar 
tion  of  temperature. 

The  infuperable  refiflance  of  thefe  elaftic 
fluids,  to  mechanical  forces  tending  to  the 
aggregation  of  their  central  particles,  and  to 
the  expulflon  of  their  Caloric,  (hews  at  once 
the  repuHive  nature  of  the  parts  of  Caloric 
relatively  to  each  other,  and  the  powerful 
attradion  by  which  the  particles  maintain 
their  refptdlivc  atmofpheres,  and  are  retained 
in  them. 

As  it  is  not  neceflary  now  to  repeat  what 
has  been  advanced  in  the  former  minutes,  con- 
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ceriiine  the  condition  of  the  Caloric  of  thefe 
gafles,  it  is  fufficicnt  to  obferve  that  the  phe- 
nomena exprehed  in  the  laft  paragraph,  can- 
noi,  confiftently  with  any  known  property 
of  matter  or  law  ot  nature,  be  produced  by 
Caloric  of  uniform  denfity. 

If  the  particles  a and  e were  placed  in  Ca- 
loric of  equal  denfity  in  the  whole  fpace  be- 
tween i and  this  fluid  would  adl  equally 
on  them  in  all  direclions;  and  the  particles 
c.  e,  being  equally  drawn  or  impelled  on  all 
fldes,  would  meet  no  impediment  from  the 
Caloric,  in  obeying  the  attra£live  power  which 
tends  to  the  approximation  and  union  of 
them : and  fuch  uniform  denfity  of  the  Car 
loric  around  them,  would,  in  refpedl  to  their 
reciprocal  attraiSlions,  be  equivalent  to  a total 
privation  of  it. 

We  accordingly  find  that  when  a minute 
portion  of  fhe  gafl'eous  mixture  is  fuddenly 
enveloped  bv  the  denier  Caloric  of  a fpark,  the 
attradive  bafes  iiiflantly  unite. 

To  illuftrate  this  agency  of  the  fpark,  let  the 
Plateslll.  and  IV,  be  held  up  between  the  light 
and  the  eye;  and  let  the  dillance  between  any 
two  of  the  concentric  circles  PI.  I V .which  will 
appear  through  the  paper^  reprefent  the  rela- 
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tive  dif^ances  between  the  atoms  of  Caloric 
which  a fpark  difFufes  through  the  whole  fpace 
between  i and  Plate  III.  The  central  par- 
ticles a e will  now  appear  in  the  Calorific 
fluid,  whole  denfity  in  the  whole  fphere  i k 
equals  or  exceeds  that  of  the  former  atmo- 
fpheres  in  the  denleft  parts  between  ^ b and 

The  atmofpheres  being  now  blended  and 
confounded  in  the  Calorific  fluid ; the  parti- 
cles a e,  prefled  or  drawn  on  all  fides  by  con- 
trary and  equal  powers  of  this  fluid,  necefla- 
rily  obey  the  attradlye  forces  which  ever  tend 
to  the  union^of  them. 

The  Caloric  excluded  from  the  uniting 
faces  of  fuch  particles,  being  inflantly  added 
to  that  of  the  /park,  extends  its  agency  to 
other  portions  of  the  gafles ; and  thus  a flngle 
fpark  ferves  to  inflame  any  quantity  of  them, 
and  they  are  expended  in  the  formation  of 
water,  and  the  evolution  of  Caloric  and 
Tight. 

Nothing  befides  the  mutual  repulfions  of 
ihe  parts  of  the  liberated  Caloric,  feems  ne- 
ceflary  to  this  Evolution,  and  to  the  projec- 
tion of  lomc  parts  with  the  velocity  of  Light, 
>vhilft  the  motion  of  others  is  retarded  or 
flifled  in  their  oppofite  courfes, 
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The  foregoing  explanation  was  given  of 
the  agency  of  a fpark  or  of  partial  ignition, 
towards  the  inflammation  of  divers  folid  fluid 
and  vaporous  bodies  in  oxygen  gas  or  in  air, 
in  a manner  too  obvious  to  claim  any  recital 
in  thefc  minutes. 

The  agency  of  a fpark  or  of  partial  igni- 
tion, in  mixtures  of  Nitric  and  combuflible 
bodies,  and  in  gunpowder  efpecialiy,  was 
next  confldered. 

Laftly  experiments  were  announced  for 
the  next  meeting  ; in  which  it  fliould  ap- 
pear, that  certain  bodies  may  be  made  to 
hold  oxygen  and  combufiible  matter  com- 
bined with  Caloric,  nearly  in  a flate  of  equi- 
librium between  the  forces  tending  to  main- 
tain their  aggregation,  and  thofe  tending  to 
the  deflagration  or  explolion  of  them;  that 
fome  bodies  of  this  kind  ihould  require  no- 
thing more  than  (light  incalefcence  or  fric- 
tion or  percuflion,  to  caufe  an  explofion  of 
them;  and  that  Fulminating;  filver  fliould 
explode  by  the  touch  of  a feather. 

It  was  oblerved  that  thefe  uncommon  plie- 
iiomena  might  eafily  be  explained  on  the 
grounds  lately  defcribed  ; and  not  on  any 
Other  that  have  ever  been  mentioned, 
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- This  fketch  was  offered  to  the  focietv  with 

j 

due  diffidence,  and  for  the  avowed  purpefepf 
exciting  the  attention  of  t!ic  members  whQ 
had  better  talents  and  more  time  than  the 
Experimenter,  for  tlie  vigorous  prolecution  of 
the  moft  interefling  fubjscts  of  modern  Che- 
miftry ; namely  Caloric  and  Light,  .with 
which  the  knowledge  of  the  Electrical  fluid 
is  clofely  conneded. 


Nitrous  acid  having  been  compofed  at 
former  meetings  by  adding  oxygen  gas  to 
Nitrous  gas,  and  having  been  decomipofed 
by  mercury,  to  which  it  imparted  the  oxy- 
•ren  : other  experiments  weicnow  mentioned, 
on  which  the  following ffatement  correfpond- 
ing  with  that  of  Lavoisier,  page  124,  was 
founded. 

“ About of  Nitrous  acid,  and  about of 
“ Nitric  acid  confilf  of  oxygen.  And  as 
“ the  experiments  of  Mr.  Kirwan,  an 
“ excellent  phllofopher,  fhew  that  100  parts 
“ of  Nitre  contain  thirty  of  Nitrous  acid  j 
“ 22.5  of  oxygen  are  contained  in  100  parts 
of  this  lalt.’* 
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On  thefe  grounds  the  agency  of  Nltroui 
acid  and  nitrous  lalts  in  the  oxygenation  and 
combuftion  of  bodies,  was  eahly  explained, 
whilft  the  following  experiments  pielented 
the  phenomena. 


An  ounce  of  fulphur  was  gradually  oxy- 
genated in  the  courfe  of  ten  days,  and  form- 
ed into  fulphuric  acid,  by  adding  the  pow- 
dered fulphur  in  fucceflive  portions  to  fix 
ounces  of  Nitric  acid,  and  augmenting  the 
temperature,  until  the  Nitrous  gas  and  fu- 
perfluous  Nitrous  acid  were  expelled.  In  the 
courfe  of  fuch  experiments  it  was  found  that 
when  the  fulphur  was  hafiily  added  to  the 
J'iitric  or  Nitrous  acid,  the  Caloric  fuddenly 
extricated,  boiled  the  whole  mixture  out  of 
^he  veflel. 


Sugar  was  oxygenated  by  Nitrous  acid,  in 
the  manner  of  Scheele  and  Bergman,  and 
formed  into  white  cryftalline  acid  of  Sugar; 
and  a better  method  of  preparing  the  acid  of 
Sugar  was  (hewn.  This  confifted  in  the  ufe 
pf  lefs  acid,  in  a very  tall  veflel  acccflible  to 

air. 
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air.  The  Nitrous  gas,  inftead  of  being 
wafted,  formed  Nitrous  acid  with  the  ox  geu 
of  the  air,  and  returned  into  tiie  mixture  of 
acid  and  Sugar. The  like  expend  lent  was  re- 
commended, for  the  folution  of  metals  in  iNi- 
trous  acid. 


The  rapid  oxygenation  and  combuftlon  of 
oils  by, Nitrous  acid,  was  exemplified,  by  the 
addition  of  this  acid  in  fucceftive  drops  to  oil 
of  Turpentine.  As  the  fecond  or  third  drop 
of  the  acid  inflamed  the  oil,  with  an  explofive 
report,  it  was  manifeft  that  the  addition  of  a 
greater  quantity  would  be  attended  with 
danger. 

This  experiment  fhewed  the  great  quantity 
of  Caloric  combined  in  the  leveral  ingredi- 
ents, and  extricated  during  the  union  of  the 
oxygen  with  the  combuftible  body:  and  it 
.was  obferved  tiiat  if  the  produds  had  been 
faved,  they  would  be  found  to  confift  of  Car- 
bonic acid  gas  and  water  produced  from  the 
Carbo  and  hydiogen  of  the  oil  and  the  oxygen 
of  the  acid,  and  of  the  azotic  and  Nitrous 
gas  refulting  from  the  decompofuion  of  the 
N itrous  acid, 
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- The  ufe  of  a fmall  quantity  of  fulphuric 
acid  in  the  nitrous,  to  accelerate,  the  infli^m- 
mation  of  the  oil,  being  mentioned  ; Dr.  La- 
tham added  an  inftrudlion  “ to  place  the  oil 
“ in  a (hallow  veflel,  and  to  drop  the  acid  on 
“ it  ^gradually  in  the  fame  place,  and  near 
“ the  circumference.” 


Phofphorus  Was  flowly  converted  into  phof* 
phoric  acid,  by  Nitrous  acid;  the  Nitrous  bafe 
efcaping  as  faft  as  the  oxygen  combined  with 
the  phofphorus. 


Experiments  were  alfo  made  with  pyro- 
phori  and  Nitrous  acid,  and  Nitric  acid ; to 
ihew  the  ftricl  analogy  of  the  oxygenations 
and  combuftions  in  nitrous  acid.  Nitric  va- 
pour, and  atmofpheric  air. 
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Previous  to  the  experiments  for  fhevVlng 
the  identity  of  the  matter  of  Caloric  and 
Light,  it  was  faid  that  the  approaching  ter^ 
minatlon  of  the  feffion,  prevented  the  Expe- 
rimenter from  attempting  any  addition  to 
thofe  which  he  had  formerly  devifed,  and 
which  (hould  now  be  prefented  with  the 
mere  hope  that  the  foclety  would  fugged 
others  more  fatisfa£lory  and  decifive. 

Whilft  the  experiments  which  are  prefently 
to  be  defcribed,  were  advancing  to  the  date 
fitted  for  obfervation,  remarks  were  made  on 
divers  optical  phenomena  to  the  following 
efTe^f. 

id.  Thefe  phenomena  (hew  that  Ligtit 
conhds  of  minute  parts,  projected  in  fuccef- 
{ion  from  luminous  bodies,  and  obedient  to 
the  laws  of  motion. 

2d.  Rays  of  Light,  which  pervade  dia- 
phanous media  without  heating  them,  or 
which  rebound  from  refledling  media  with- 
out heating  them,  produce  incalefcence  in 
opaque  bodies  which  flifle  the  projedile  mo- 
tion; and  Light  thus  hopped  has  all  the 
properties  of  Caloric. 

3d.  Rays  of  Light,  bent  by  refraiding  or 

refte<ding  media,  to  a common  focus,  and 
’ there 
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there  (lopped  by  any  body,  produce  hear, 
nearly  in  proportion  to  the  quantity  of  coin- 
cident Light  that  is  (lopped  in  a given  area 
of  the  focal  place. 

The  temperatures  being  equal  at  equal 
diftances  from  the  focal  area  at  which  the 
rays  crofs  each  other,  (liew  that  the  fame 
matter  which  illuminates  without  heating, 
has  all  the  properties  of  intenfe  fire  or  denfe 
Caloric  whenever  it  is  accumulated  and 
retarded. 

4th.  The  phenomena  of  combuflions  (hew 
that  the  Light  is,  ci-eterls  paribus,  propor- 
tionate to  the  velocity  with  which  the  Calo- 
ric is  emitted ; and  that  there  is  no  illumi- 
nation from  bodies  which,  during  the  oxyge- 
nation of  them,  emit  the  Caloric  either  flow- 
ly,  or  in  clrcumflances  in  which  manlfeft 
impediments  prevent  the  projection  of  it  with 
the  velocity  neceflary  to  the  conftitutlou  of 
Light. 

5th.  The  brilliancy  and  apparent  quantity 
of  the  Light  emitted  in  combuflions,  is  great- 
efl  from  bodies  which  yield  little  or  nothing 
of  the  gafieous  kind  to  detain  a part  of  the 
emitted  Caloric  ; as  in  the  combuftion  of  Iron 
Zinc  and  phofphorus : wbilfl  the  Light  from 
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combuftionS  of  the  oppofite  defcription,  is 
weaker  and  apparently  lefs  in  quantity,  in 
proportion  to  the  quantity  of  gaffeous  matter 
capable  of  engaging  the  Caloric* 

6th.  The  effe^ls  ot  Light  on  vegetation^ 
on  Chemical  bodies,  and  in  a variety  of  iii-^ 
fiances  which  cannot  be  expreffed  in  a few 
> words,  all  feem  to  correfpond  with  thefe  no- 
tions of  the  matter  and  motion  of  Light. 

In  refpe£l:  to  the  different  coloured  rays  of 
Light  which  iffue  from  flaming  bodies,  or 
appear  In  the  prifmatic  fpe£lra  ; and  the  dif- 
ferent refrangibllity  of  the  rays  of  different 
colours  ; it  was  propofed  that  thefe  pheno- 
mena fhould  be  exhibited  in  the  feflion  of  the 
next  year : there  being  more  reafon  to  ex- 
pect, from  the  united  efforts  of  the  mem- 
bers, that  thefe  things  fhould  be  explained 
confiftently  with  the  laws  of  motion,  and 
with  the  nature  of  the  medium  which  fub* 
flfls  at  every  refracting  furface;  than  to  ad- 
mit that  there  are  as  many  different  kinds  of 
Light,  as  there  are  kinds  of  rays  differing  in 
refrangibllity,  and  yet  unalterable  in  Colour. 

It  was  finally  obferved  that  the  gentlemen 
who  were  moft  converfant  in  optical  experi- 
ments and  practice,  have  alw'ays  appeared  to 
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be  mofl:  ftrongly  im prefled  by  the  following 
experiments  and  inferences. 


EXPERIMENT  I. 

The  bbdy  of  a fmall  long  necked  matrafs 
was  charged  to  the  middle  with  Nitrous 
acid,  and  was  loofely  {lopped  with  a conical 
glafs  ftopper*  The  acid  being  heated  until 
the  Nitrous  vapour  had  ifl’ued  for  a much 
longer  time  than  was  necefiary  for  expelling 
all  the  air  from  the  neck  of  the  veflel;  a 
fmall  cylindrical  meafure  filled  with  half  a 
dram  of  Pyrophorus,  was  quickly  inverted 
into  the  neck  of  the  matrafs,  to  deliver  the 
pyrophorus  into  the  vapour  and  acid. 

The  pyrophorus  employed  w’as  made  with 
Alum  and  flour,  in  the  manner  formerly 
deferibed ; except  that  it  was  not  fo  long 
heated.  It  was  therefore  tardy  in  the  ac- 
cenfion  by  air. 

In  the  Inflant  of  the  delivery  of  the  Py- 
rophorus, and  whilfl:  it  fell  through  the  Ni- 
trous vapour,  the  finer  powder  burned  and 
emitted  Light ; but  the  coarfer  grains  which 
efcaped  the  adtion  of  the  acid  vapour,  by 
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their  quicker  defceiit  and  clofer  texture,  caufed 
a violent  commotion  of  it,  and  heated  it 
during  the  oxygenation,  but  fhewed  no 
Light. 

Whilft  Nitrous  vapour  and  Nitrous  gas 
ilTued  quickly,  frefh  charges  of  Pyrophorus 
were  repeatedly  introduced,  with'  the  fame 
events  of  illumination  in  th-e  vapoury  and  iii- 
calefcence  only,  in  die  acid. 

The  matter  of  the  acid  and  of  the  vapour 
being  precifely  the  fame  in  kind,  and  the 
temperatures  being  equal ; and  the  pyropho- 
rus being  rapidly  oxygenated  in  the  acid  li- 
qxior,  as  well  as  in  the  vapour  ; there  was  no 
reafon  to  fuppofe  that  the  matter  of  Caloric 
or  Light  emitted  in  the  acid,  was  different 
from  that  which  was  emitted  in  the  vapour. 
It  rather  feemed  that  the  motion  which  might 
give  the  charadler  of  Light  to  the  evolved  mat- 
ter of  Caloric,  was  ftifled  in  the  denfe  and 
heavy  acid ; whilfl  the  diftances  of  the  par- 
ticles of  the  vapour,  permitted  the  free  tranf- 
miffion  of  a part  of  this  matter  with  the  ve-- 
locity  of  Light, 
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EXPERIMENT  II. 

N 

An  experiment  which  was  too  offenfive 
and  dangerous  to  be  made  in  the  prefence  of 
the  Socieiy,  was  related  as  follows. 

A wide  mouthed  ounce  bottle  filled  with 
pyrophorus,  and  containing  azotic  gas  only, 
in  the  interftices  of  the  pyrophorus,  was 
placed  with  the  mouth  inverted  in  a glafs 
tumbler ; and  Nitrous  acid  was  poured  into 
the  tumbler  to  exclude  the  air  from  the  py- 
rophorus. 

After  fome  of  the  azotic  gas  had  been  ex- 
pelled, along  with  fome  Nitrous  gas  pro- 
duced from  the  part  of  the  pyrophorus  and 
acid  which  firft  touched  each  other  ; more  of 
the  acid  was  added  to  the  height  of  about 
an  inch  in  the  tumbler. 

In  this  hate,  the  Interftlces  of  the  pyro- 
phorus being  filled  with  Nitrous  gas^and  azo- 
tic gas,  no  acid  vapour  could  fpread  into 
them,  whilfi:  the  pyrophorus  gradually  im- 
bibed the  acid.  Notwithftandlng  the  inca- 
lefcence,  nothing  luminous  appeared  in  the 
bottle. 

The  entry  of  the  acid  to  the  pyrophorus, 
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was  occafionally  promoted,  by  inclining  tfie 
bottle  fo  as  to  expel  fome  of  the  contained* 
gas.  But  although  the  incalefcence  wasthus^ 
frequently  renewed,  no  viifble  Light  iffued 
from  the  pyrophorus  thtrs  Ifeeped  in  the  acid^ 
But  when  portions  of  the  pyrophorus  ef- 
caped  qu-ickly  through  the  acid,  in  confe- 
quence  of  this  inclination  of  the  bottle,  and 
were  carried  by  tlie  effervefcence  above  the 
acid  into-  the  column  of  Nitrous  vapour  which 
filled  the  tumbler,  they  fparkled  brifkly  and 
emitted  Light. 

EXPERIMENT  TIL 

Three  pieces  of  re«fi;ified  phofphorus  weigli^ 
ing  fifteen  grains,  were  dropped  into  a fmall 
long  necked  glafs  matrafs  containing  two 
ounces  of  Nitrous  acid. 

After  the  fiirfiices  became  oxygenated  and 
incrufted with  dry  phofphorlc  acid,  the  bub- 
bles of  Nitrous  gas,  which  ifl'ued  at  fird, 
gradually  difappeaied ; and  the  phofphorus 
remained  quiefeent  at  the  bottom  of  the  veflel. 

It  was  related  from  experience,  thatphoR 
phorus  may  be  oxygenated  fooner  in  a weaker 
acid  than  this;  becaufe  the  water  dilTolve^ 
the  aeid  incruftation. 

To 
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To  break  the  pellicle  which  formed  on  the 
phofphorus  in  the  acid,  both  were  heated  un- 
til the  phofphorus  became  foft. 

Now  the  oxygen  of-  the  acid  combined 
gradually  with  the  phofphorus,  and  the  li- 
berated nitrous  gas  which  iflued  quickly, 
agitated  the  acid  and  the  phofphorus  briikly. 

When  the  Caloric  emitted  during  the  oxy- 
genation, had  increafed  the  temperature  of 
the  acid,  the  matrafs  was  removed  into  cold 
fand.  The  incalelceuce  and  effcrvefceiice 
neverthelefs  continued;  and  Nitrous  gas 
mixed  with  Nitrous  vapour  ilfued  brilkly  from 
the  neck  of  the  matrafs. 

Although  fuch  mafles  of  phofphorus,  when 
expofed  to  air,  give  light  which  is  vifible  In 
darkened  places  ; and  continue  to.  afford  fuch 
Light  for  weeks,  without  being  oxygenated 
lb  much  as  thefe  pieces  were  in  a few  minutes 
in  the  Nitrous  acid ; nothing  Luminous  ap- 
peared in  the  acid,  or  in  the  vapour  above  it^ 
or  in  the  air  around  the  vapour. 

The  veflei  containing  the  acid  and  foftened 
phofphorus  was  quickly  cooled,  until  the 
phofphorus  became  hard  and  the  oxygenation 
ceafed. 

The  foregoing  procefs  was  afterwards  re- 
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newed  and  eontlnued,  until  the  whole  of 
the  Phofphorus  became  phofphoric  acid, 
ealily  feparable  from  the  relidnarv  Nhrous 
acid  by  evaporation ; without  (hewing  any 
luminous  appearance. 


EXPERIMENT  IV. 

The  fame  quantities  of  phofphorus  and 
Nitrous  acid  were  made  to  adt  on  each  other 
in  the  manner  of  the  laft  experiment ; ex- 
cepting that  the  quick  effervefcence  was  not 
checked,  but  was  permitted  to  proceed  un- 
til the  phofphorus  was  buoyed  above  the  acid 
into  the  nitrous  vapour,  which  poured  forth 
from  the  veffel. 

Every  part  of  the  phofphorus,  which 
emerged  from  the  acid,  into  the  acid  vapour, 
gave  a bright  light,  fimilar  to  that  of  phof- 
phorus burning  in  air;  wbilft  thofe  parts 
which  remained  immerled  in  the  acid,  kept 
up  tlie  commotion  and  heat,  without  any 
lucid  appearance  in  the  Diaphanous  acid. 

• As  the  oxygenation  of  the  phofphorus  was 
i^fFedted  in  thefe  experiments,  as  well  in  the 
apid,  as  in  the  vapour  ot  the  fame  acid  ; and 
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there  was  no  reafon  to  doubt  that  the  combi- 
nations of  o’xvgen  and  pholphorns,  and  the 
extrications  of  Caloric,  were  the  hime  in  both 
cafes  ; it  was  inferred  that  the  fame  Calorific 
matter  which  was  wholly  expended  in  the 
firft  experiment  in  heating  and  evaporating 
the  mixture,  was  in  the  fecond  experiment 
expended  to  a certain  part  of  it  and  pro- 
jefted  in  the  form  of  Light. 

“ As  luminous  matter  is  emitted  during 
“ the  oxygenation  of  phofphorus  in  air,  or 
“ in  nitrous  vapour,  whofe  prir.ciples  are  of 
“ the  fame  kind  as  thofe  of  air,  it  is  fcarceiy 
“ to  be  imagined  that  the  fame  kind  of  mat- 
“ ter  is  not  allb  emitted  during  the  oxygena- 
“ tion  of  phofphorus  in  the  nitrous  acid,  the 
“ principles  of  which  are  not  different  from 
“ thole  of  the  vapour. 

“ If  the  fame  kind  of  matter  be  capable 
“ of  conftituting  Light  without  caufing  any 
“ fenfible  heat  or  adling  as  Caloric,  and  alfo 
capable  of  ailing  as  Caloric,  without 
“ cauiiiig  any  fenfible  illumination  or  ailing 
“ as  Light ; it  is  highly  probable  that  the 
“ mere  matter  of  Caloric  and  Light  is  the 
fame;  and  that  they  differ  only  in  the 
motion,” 
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Many  phenomena  of  this  kind  being  briefly 
deferibed,  this  general  inference  was  ha- 

“ During  the  extrication  of  Caloric  in  a 
“ denfe  fluid,  fuch  as  Nitrous  acid,  the  in-» 
“ ertia  of  the  oppofed  parts  of  the  denfo 
“ fluid,  refifts  the  projedile  power,  and  the 

whole  of  the  Caloric  is  expended  in  aug- 
**  menting  the  temperature.** 

“ But  when  the  Caloric  is  quickly  extrIcaN 
ed  in  a gafleous  fluid  or  vapour,  the  repellent 
atmolpheres  of  which  prefent  free  fpaces  for 
the  paflage  of  projeded  particles  or  atoms  of 
Caloric  ; thofe  which  aie  projeded  with  the 
velocity  of  Light,  meet  no  impediment  tliat 
is  lufficient  to  prevent  their  perfifling  in  the 
motion  proper  to  Light,** 

EXPERIMENT  V, 

This,  which  afforded  the  inferences  above 
mentioned,  was  made  in  the  following 
manner. 

Four  ounces  of  Nitrous  acid  were  Intro- 
duced into  a matrafs  like  that  lately  em- 
ployed, and  one  ounce  of  the  ftron2:eft  marine 
acid  was  quickly  added ; in  order  to  make  a 

men- 
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men  ft  mum  in  which  antimony  .'might  be 
quickly  dlflblved  and  oxygenated. 

About  ten  grains  of  regulus  of  antimoay, 
in  coarfe  powder  ftfted  from  the  fine,  were 
dropped  into  the  mixed  acids  ; and  the  quick 
folution,  cffervefcence  and  incalefcence  were 
duly  noticed,  together  with  the  oxydation  of 
the  antimony ; but  there  was  no  appearance 
of  Light, 

Whilft  the  acid  vapour  ift'ued  brifkiy  from 
the  neck  of  the  matrals,  after  having  expelled 
all  the  air  ; pow^dered  regulus  of  antimony, 
confifting  of  larger  and  fmaller  grains  was 
ufed.  The  large  grains  being  intended  to  fall 
unaltered  into  the  acid,  and  to  generate  Ca- 
loric and  acid  vapour ; the  fmall  grains  to 
fall  more  flowly  and  to  be  oxygenated  in  tlie 
vapour. 

Whilft  the  former  diftblved  with  ftrong 
cffervefcence  and  incalefcence  without  any 
vifible  illumination,  the  latter  fhevved  a lu- 
minous combuftion  in  all  parts  of  the  veflel 
which  were  occupied  with  acid  vapour  only. 
This  appearance  was  renewed  twenty  times, 
by  as  many  additionsof  the  antimony  ; but  no 
light  was  vilible,  in  any  place,  excepting  that 
of  the  acid  vapour, 
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In  all  fuch  applications  of  Nitrous  acid,  -it 
is  to  be  oblerved,  that  the'  firlf  portions  of 
Caloric  extricated  during  the  cliemical  union, 
produce  the  incalefcer.ce  neceflary  for  the 
accenfion  ; that  the  fubfequent  portions  ifluc 
more  rapidly,  during  the  combuftion ; and 
that  the  quantity  of  Calorjc  thus  evolved 
from  fuch  denfe  or  folld  bodies,  (hews  that  it 
fublided  in  them  in  a {fate  of  combination. 

Finally  it  was  faid  of  the  fulminating 
compounds  intended  for  the  next  meeting ; 
that  the  Calorific  matter  emitted  at  the  inftant 
of  the  explofion,  feems  to  be  almoft  wholly 
expended  in  a momentary  illumination.;  for 
when  fuch  explolions  happened  accidentally 
in  the  experimenter’s  hand,  he  felt  it  beaten 
or  bruifed,  but  not  confiderably  heated. 
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Combuftible  and  Explojive  Cotji^ 


Eefuhory  'Experiments  and  SuhjeBs, 


rr HE  explanation  offered  in  the  courfe  of 
the  tollowing  experiments,  were  mgre  ap- 
plications of  the  foregoing  dodfrines  to  the 
fubjedls  under  confideration.  They  are  there- 
fore omitted  in  this  hafty  Iketch  of  the  bufi- 
ijefs  of  this  meeting. 

I ft.  The  introdudlory  experiments  fliewed 
that  pieces  of  charcoal  may  be  thrown  into 
Nitre  fuied  to  fluidity,  and  approaching  to  a 
'red  heat,  and  may  be  kept  in  this  fituatiou 
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for  many  minutes  if  not  for  any  longer  time, 
without  Ihewing  any  appearance  of  combuf- 
tion. 

2d.  That  either  the  Nitre  or  the  Charcoal 
mpft  be  heated  to  rednefs,  at  the  points  of 
contaff  at  leaft,  before  the  combuftion  com- 
mences. 

3d.  That  the  Caloric  emitted  during  the 
accenfion  of  any  fmall  part  of  a mixture  of 
3.5  parts  of  Nitre  and  one  of  Charcoal,  both 
being  finely  powdered  and  dried,  is  fufficient 
for  the  deflagration  and  confumption  of  any 
quantity  of  them. 

4th.  That  the  heat  or  ignition  neceflary  for 
the  accenfion  of  mixtures  of  iulphur  and  Ni- 
tre, is  lefs  than  the  foregoing. 


* Nitre  and  Charcoal  were  deflagrated  in 
fuch  a manner  as  to  fhew  the  quantities  of 
Carbonic  acid  gas  and  Azotic  gas  produced 
during  the  combuftion,  and  alfb  the  alka- 
line refidue  of  the  Nitre,  and  the  Caloric  or 
matter  of  Light,  which  thefe  bodies  held  in 
a ftate  of  combination. 
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The  compofitlon  of  gunpowder  beiftg 
fhcwn;  the  tife  of  each  ingredient  towards 
facilitating  the  accenfion,  or  accelerating  the 
comburtion,  or  augmenting  the  quantity  of 
gaffeous  matter  producible  during  the  com- 
buftion,  was  explained.  And  in  fpeclmcns 
of  gunpowder  which  differed  only  in  the  de- 
gree of  mechanical  comminution  and  mix- 
ture, it  was  (hewn  that  the  velocity  of  the 
explofive  deflagration  depended  as  much  on 
due  mixture,  as  on  the  proportions  of  the  ma- 
terials. 

It  was  obferved  that  the  Caloric  which 
thefe  materials  feveralty  held  in  a ftate  of 
combination,  was  fufficient  to  give  thegafleoue 
form  to  more  than  one  third  of  the  mafs,  and 
alfo  redundant  caloric  appearing  and  acting  as 
Fire  and  Light. 

As  projedlles  are  not  Inftantly  permeable 
cither  by  Caloric  or  Light ; it  was  reprefented 
that  the  liberated  Caloric  of  thefe  deflagra- 
tions, co-operates  with  that  of  the  elaftic 
gaffes,  towards  the  propulhon  of  projedliles 
by  gunpowder. 
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Similar  obfcrvations  were  made  on  the  fna-* 
terials  ot'  Fulminating  powder  compofed  of 
three  parts  of  Nitre,  two  of  prepared  Kali 
of  the  London  College  and  one  of  Sul;  bur; 
and  the  fuccefiive  and  flow  combuflions  of 
mechaniGal  mixtures  of  thefe  ingredients, 
were  experimentally  fhewii. 

A dram  of  this  powder,  being  placed  In 
the  bowl  of  an  Iron  ladle,  was  gradually 
heated  until  the  fulphui  was  melted  into  the 
alkaline  fait,  and  the  fulphuret  thus  formed 
was  chemically  blended  with  the  Nitre. 

The  fufed  mafs  was  permitted  to  cool  for* 
a while ; and  whilfl:  it  was  yet  foft,  it  was 
taken  out  of  the  Ladle  by  means  of  a fpa- 
thula,  and  faved  in  a dry  and  warm  bottle. 

When  it  was  cold  a flint  fpark  inflamed  it; 
and  it  burned  like  gunpowder,  but  with 
greater  velocity  and  report,  by  reafon,  it 
was  faid,  of  the  more  perfedl  mixture  of  the 
oxygenous  with  the  fulphureous  matter. 

It  was  obferved  that  a fimilar  compound 
may  be  made,  by  fufing  fulphuret  of  Pot- 
afli  with  Nitre;  and  that  any  fuch  com- 
pound may  be  cooled,  and  fufed  again  re- 
peatedly, without  inflammation  or  explofion  ; 
provided  no  more  heat  be  applied  than  is  ne- 
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Oeflary  to  the  fufion.  And  although  the  Ca- 
loric of  a fpark  be  much  lefs  in  quantity  than 
the  caloric  necelTary  for  the  fuhon  of  a large 
mafs  of  fuch , matter,  the  denfer  Caloric  of 
a fpark  never  fails  to  explode  the  whole,  ’for 
the  reafons  aHigned  in  the  minutes  of  the  laft 
meeting. 

When  a fpark  is  applied  to  a cold  mafs  of 
this  kind,  the  fire  extricated  from  the  fmall 
portion  firfi;  inflamed,  operates  upon  the  next, 
and  this  upon  more,  until  the  whole  is  de- 
compofed  ; and  thus  the  combuftion,  though 
quick,  appears  in  a long  train,  to  be  mani- 
feftly  fucceflive,  as  in  a train  of  gunpowder; 
each  portion  of  which  mufl:  be  imprefl'ed  with 
Caloric  of  determinate  denfity,  before  th€ 
combuftion  can  be  commenced  in  it. 

On  this  ground  an  explanation  was  given 
of  the  weak  report  and  effedts  of  gunpowder, 
or  of  fufed  and  cooled  fulminating  powder 
inflamed  in  the  open  air  ; in  comparifon  with 
the  loud  report  and  forcible  effects  of  the 
fame  bodies  when  fired  in  clofe  veflels  or  in 
the  Chamber  of  a gun.  And  thefe  things 
were  confidered  with  a view  to  the  folution 
of  the  following  phenomena, 

A dram  of  the  fpregoing  mixture  of  Nitre 

alkali 
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alkali  and  fulphur,  was  gradually  melted  lit 
an  Iron  ladle,  and  was  then  removed  from 
the  heat*  After  it  had  flood  long  enough  to 
lliew  that  it  would  rather  cool  than  explode  ; 
a fmall  quantity  of  Charcoal  powder  heated 
to  rednefe,  was  dropped  from  the  height  of 
fix  feet,  fo  that  a fpark  or  tw'o  might  fall 
into  the  melted  mafs. 

- On  the  touch  of  the  firfl  fpark  the  whole 
exploded  inflantaneoufly  with  a loud  and 
fhocking  report,  and  with  a flafli  fb  momen- 
tary as  to  make  but  little  impreffion  on  the 
flght* 

• Fulmiriating  powder  being  in  the  next 
place  employed  in  the  ufual  manner-;  it  ap- 
peared that  when  the  fufed  mafs  was  heated 
a little  more  than  was  neceflary  to  effecSl  the 
fufioH  ; the  whole  exploded  as  inflantaneouf- 
ly and  loudly  as  that  which  was  fired  with 
the  fpark. 

In  all  thefe  cafes  the  accenfion  appeared  to 
depend  entirely  on  the  denfity  of  the  fuper- 
added  Caloric,  and  the  agency  deferibed  in 
the  minutes  of  the  laft  meeting. 
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*rhe  beft  procefs  for  the  preparation  'of 
fulminating  gold  being'  fhewn  ; the.  principles 
furnilhed  bv  the  acids  durino;  the  folutioii  of 
the  gold,  and  thole  furnilhed  by  the  ammo- 
-niac  durhig  the  precipitation  ; and  the  order 
'neceflary  in  the  application  of  them,  were 
confidered  ; and  divers  experiments  were  re- 
'latcd,  by  which  it  appeared,  that  this  fub- 
ftance  conhfts  of  oxygen  azot  and  hydrogen, 
.feverally  combined  with  Caloric,  and  feve- 
- rally  attached  to  the  gold  as  a common 
bale.  ^ , ; ' ' - 

Twelve  grains  of  this  fulminating  gold 
'being  placed  in  a conical  heap  on  a thin 
plate  of  brafsj  were  gradually  heated.  At 
a temperature  between  300  and  400®,  the 
whole  exploded  with  a very  Iharp  and  loud 
report^  and  the  plate  was  pierced  and  torn* 
The  round  aperture  was  about  an  inch  in  di- 
ameter, and  the  lacerations  extended  much 
.farther.-^  t , ^ 

. It  was  obferved  that  the  fame  effet£l:  might 
-be  produced  by  applying  a fpark  to  fulmina- 
■ lels  heated  ; and  that  the  acceiilion 

• of  all  fuch  fulminating  compounds,  bv-a 
■fpark.  applied  to  any  part,  or  by  dueaugmen- 
.tation  of  the  temperature  of  the.  whole,  isca'- 

i X illy 
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fily  explicable  on  the  grounds  mentioned  in 
the  minutes  of  the  laft  meeting;  provided 
due  attention  be  paid  to  the  ftate  of  the  a£live 
ingredients. 

In  fulminating  gold,  for  inftance,  the  at- 
tractive powers  tending’to  produce  the  new 
'Combinations  which  take  place  in  the  inftant 
•of  •conibuftion,  feem  to  be  almoft  equal 
fto'thofe  by  which  <the  aggregation  of  this 
compound  is’ maintained  at  low  temperatures. 
'For  a fmall  augmentation  of  temperature,  or 
friction,  or  percuflion,  or  any  thing  which 
fdifturbs'the  arrangement  of  the  gafleous  prin- 
-ciples  and  Galoric  which' adhere  but  weakly 
-to  the  gold,  is  fufficient  for  the  explofion  of 
the  whole  ; ( provided  the  fulminating  gold  be 
Ipure  aird  dry. 

In  refpeCt  to  the  perforation  of  the  brafs 
'plate,  it  was  obferved  that  all  bodies  which 
explode  inftantaneoufiy  would  imprefs  it  in  a 
fimilar  manner.  For  the  refiftance  of  the 
air  to  projectiles,  or  to  expanfions  of  this  kind, 
being'  in  the  ratio  of  the  fquares  of  the  velo- 
cities of  the  moving  or  expanding  bodies ; the 
refiftaiice  of  the  air  to  fuch  inftantaneous  ex- 
plofions  as  thofe  lately  mentioned,  is  almoft 
equal  to  that  of  a folid,  or  of  the  metallic 
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|)late  on  whici*  the  iulmiiiatlng-  body  is 
heated. 


Small  portions  of  fulminating  Itlver,  each 
weighing  lets  tiian  a grain,  were  lucceffively 
exploded,  fome  by  the  touch  of  a (lender 
brafs  wire,  others  by  that  of  a feather. 

A delcription  was  given  of  many  other  fpe« 
cimens  which  had  been  inadvertently  explod- 
ed and  loft;  fomc  by  overheating  them  to 
about  90*,  in  the  place  where  they  were  to 
be  dried  ; and  others  by  an  accidental  con- 
cuftion  of  a great  iron  plate  on  which  they 
were  placed  in  feparate  cups. 

The  experimeiiter  faid  that  he  had  often 
explode’d  fulminating  filver  in  covered  vef- 
fels  of  the  fmalleft  capacity  .that  could  be 
^fed  with  fafety  ; and  that  this  fubftance  had 
frequently  exploded  unexpededly  in  his  hand, 
with  a report  louder  than  that  of  a mulket. 

A luminous  and  momentary  gleam  was 
always  vifible ; but  he  coujd  not  difcovcr  any 
other  adequate  effedl  ot  the  emitted  Caloric  ; 
and  therefore  he  concluded,  that  in  .fuch  in- 
ftantaneous  explofions,  the  Caloric  was  ex- 
■ X 2 pellcd 
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pelled  with  velocity  fufficient  to  cofiftitutd 
Light. 

Mr.  Bertholet  the  inventor  of  Fuln:il- 
iiating  Silver,  having  contented  himfelf  with 
a general  and  concife  defcription  of  this  fub- 
jedf,  many  practical  Chemifts  have  failed  in 
their  attempts  to  prepare  it ; and  others  form- 
ing their  opinions  from  the  fpecimens  which 
they  had  made,  have  been  expofed  to  great 
^danger  ; as  will  appear  from  the  following 
Velation,  which  is  the  only  part  of  the  mi? 
“mites  on  this  fubjecf  that  can  be  introduced 
Sn  the  prel'ent  publication.  . ,i. 

•"Aiv  ounce  xxf  fine  Silver  was  diflblved  ill 
ihe^courfe  of.  eight  hours,  Jn  an  ounce  of 
pure  Nitrous  acid  of  tile  Londoa  Pharmacoi- 
poeia,  diluted  prevlouflyivvith  three  ounces  of 
diftilled  water  "in  a'  glals  matrafs.  ,Thc  for 
dution  being  poured  ofF,  the  refiduary  black 
powder  and  the  matrafs  were  waftied  wit^ 
fieven  or  eight  ounces  of  warm^  diftilled  wa- 
ter, and  this  was  added  to  the|folution.  Th« 
black  powder  being  gold,  was  rejedled:  fomc 
gold  being  thus  feparable  from  any  Silver  of 
Commerce. 

' -To  the  foregoing  diluted  folutlon*  pure 
Lime  water  prepared  with  diftilled  water  was 

■ added 
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gradually  : for  the  foliitlon  ought  not 
to  be  poured  into  the  Llnie  water.  When 
about  thirty  pints  of  Lime  water  had  been 
expended,  and  the  precipitate  had  fubhded,^ 
more  Lime  water  was  added  by  fucceffivc 
pints,  as  long  as  it  caufed  any  confiderablc 
precipitation.  For  it  was  deemed  fitter  that 
the  precipitation  fhould  not  be  perfedfed, 
than  that  an  excefs  of  Lime  water  fhould 
be  ufed  : the  earthy  pellicle  of  the  exceffive 
Lime  water  being  apt  to  mix  with  the  preci- 
pitate. The  clear  liquor  being  poured  away, 
the  precipitate  was  poured  off  and  wafhed 
into  a filter^ 

Whcii  faline  liquor  had  drained  from 
jt,  two  ounces  of  diflilled  water  were  poured 
on  the  magma ; and  when  this  water  had 
paffed,  frefh  portions  were  fucceflively  added 
and  paffed,  until  the  whole  quantity  of  wa- 
ter thus  expended  in  wafhing  away  the  Ni- 
trous calcareoys  fait,  amounted  to  a quart. 

The  filter  being  then  unfolded,  to  let  the 
magma  of  oxyd  of  Silver  fpread  on  the  flat- 
tened paper  } it  was  placed  on  a chalkftone  to 
accelerate  the  exficcafion,  and  was  gradually 
dried  in  the  open  aif ; a cap  of  paper  being 
placed  loofely  over  it  to  exclude  tbe  d^l^ 

X 3 Wheu 
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When  the  weather  fcrved,  the  cap  was  re- 
moved to  expofe  the  ^xyd  to  the  rays  of  the 
fun,  although  this  was  not  deemed  neceffary  ; 
and  the  exficcatlon  was  promoted  by  cutting 
the  ox^  d into  thin  flices.  When  perfectly  dry 
it  weighed  i oz.  4 dt.  and  about  one- fifth  of 
it  was  confidered  as  oxygen, 

“ When  aqua  ammoniae  purse  of  any 
“ Pharmacopoeia  is  ufed  with  this  oxyd, 
“ either  in  the  fmal)  quantity  which  blackens 
“ it  compleatly,  or  in  a greater  quantity; 
“ the  black  matter  which  fubfides,  and 
“ which  has  been  reprefented  by  lyftematic 
writers  as  the  fulminating  compound,  has 
“ no  fuch  property,  any  farther  than  may 
“ be  owing  to  the  matter  depofited  from  the 
alkaline  folutlon  during  the  exficcatlon. 

“ The  alkaline  liquor  containing  the  ful- 
ininating  filver,  ought  to  be  poured  off  from 
**  the  infoluble  powder,  and  expofed  in  a 
“ fhallow  vefiel  to  the  air.  In  confequence 
“ of  the  exhalation,  black  fhlning  cryflals 
form  on  the  furface  only,  and  foon  join  to 
‘‘  form  a pellicle.  As  this  pellicle  adheres  a 
little  to  the  fides  of  the  velfel,  or  maintains 
its  figure,  the  liquor  may  be  poured  off  by 
a gentle  inclination  of  the  veflel. 


‘‘  This 
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This  liquor  will  yield  another  pellicle  ill 

the  fame  way  ; but  the  third  or  fourth  pel- 

“ lick  will  be  paler  than  the  former  and 

weaker  in  the  explofion.  The  firft  pellicles 

when  flowly  dried,  explode  by.  the  touch 

“ of  a feather,  or  by  their'  being  heated  to 

» , 

“ about  96®. 

“ The  quantity  of  water  in  the  ordinary 
aquaammoniae  purae,  renders  it  lefs  active 
in  the  folutioii  of  the  ox-yd,  and  is  an  im- 
“ pediment  to  the  fpeedy  forrnation  and  fepa- 
ration  of  the  fulminating  Silver  ; and  an 
“ experimenter  who  has  often  ufed  twenty 
‘‘  grains  of  the  oxyd,  to  produce  fucceffive 
“ pellicles  of  fulminating  filver,  which  may 
“ be  feparately  exploded  with  fafety  ; and 
**  who  has  perceived  that  the  pellicles  never 

“ explode  whilft  wet,  if  they  be  not  heated  ; 

« would  in  all  probability  refolve  on  the  fol- 
lowing  improvement,  and  expofe  himfelf 
to  the  unforefeen  danger  of  it.’* 


Dlftilled  water  was  impregnated  with  as 
much  pure  ammoniac  as  it  could  ealily  retain 
Tinder  the  ordinary  temperature  of  the  air. 
A quantity  of  this  ftrong  ammonlacal  liquor^ 

X 4 
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equal  in  bulk  to  a quarter  of  an  ounce’  of  wa-f 
ter,  was  placed  in  a finall  bottle,  and  24 
grains  of  the  oxyd  of  filver  ground  to  fine 
powder  were  added,  The  bottle  being  al- 
laiod;  filled,  was  corked,  to  prevent  the  for- 
mation of  that  film  which  ufually  appeared 
in  confequence  of  the  exhalation  of  the  am- 
moniac, in  other  experiments. 

During  the  folution  of  the  oxyd,  bubbles 
of  the  gafleous  kind  arole  from  it,  and,  the 
folution  acquired  a blue  colour, 

As  no  film  appeared,  the  bottle  was  agi- 
tated three  or  four  times  in  the  courfe  of  as 
many  hours,  in  order  to  promote  the  folution 
of  a fmall  quantity  of  blackened  oxyd  which 
remained  at  the  bottom. 

The  experimenter  confidering  this  as  an 
ample  provifion  for  twenty  different  charges, 
to  be  exploded  in  different  circumftances,  in 
the  prefence  of  the  Society  ; intended  to  pour 
off  the  folution  into  as  manv  fmall  veffels, 
and  to  weigh  the  reliduary  black  powder, 
after  allowing  two  hours  more  for  the  folurr 
tion, 

On  the  fixtli  hour,  he  took  his  ufual  pre^ 
caution  of  wearing  ipedlacles,  and  obferving 
tha^  a Imail  quantity  of  black  powder  flill  re- 

mainec} 
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ftiamed.UH^ififolved,  and  that  no  film  WasyeV 
formed  at  the  furface;  he  took  the  bottle  by 
the  neck  to  (hake  it ; knowing  that  it  might 
ejtplode  by  the  heat  of  his  hand,  if  he  were 
to  grafp  it,  and  that  the  explofion  in  this 
^ircumftance  might  wound  him  dangeroiifly. 

In  the  infiant  of  (haking.  it  exploded  with- 
a report  that  (funned  him.  The  bottle  w^as 
blown  into  fragments  fo  fmall  as  to  appear 
like  glais  coarfely  powdered.  The  hand 
which  held  it  was  imprefltd  as  by  the  blow 
of  a great  hammer,  and  Ipfi  the  fenfe  of 
feeling  for  fome  feconds,  and  about  fifty  two 
fmall  grains  of  glafs  were  lodged,  many  of 
them  deeply,  in  the  (kin  of  the  palm  and 
fingers.  The  liquor  (fained  his  whole  drefs, 
and  every  part  of  the  (kin  that  it  touched. 

Thus  it  appeared  that  fulminating  (ilvef 
may  be  made,  which  will  explode,  even 
when  cold  and  wet,  by  the  mere  difturbancc 
of  the  arrangement  of  its  parts,  in  the  aque- 
ous fluid. 

In  fubfequent  experiments  privately  and 
carefully  conducted,  it  feemed  that  the  pro- 
perty of  exploding  in  the  cold  liquor  by 
mere  commotion,  depended  on  the  uniifual 
quantity  or  proximity  of  the  explofive  mole- 
cule^ 
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Cules  in  a given  bulk  of  the  liquor.  And 
the  flat  bottoms,  as  well  as  the  fides  of  the 
thick  veflels  of  glafsor  Potter’s  ware,  whether 
they  flood  on  boards  or  on  Iron  plates,  were 
always  beaten  to  fmall  fragments. 

'Phis  afforded  a curious  inftance  of  the 
^offible  equilibrium  between  the  powers  tend- 
ing to  retain  the  Caloric  and  thole  which 
effe(?:  the  expulfion  of  it.  And  experiments 
and  cotifideratlons  of  this  kind  feemed  to 
promife  a true  folution  of  the  phenomena  of 
Rupert’s  drops. 


Small  charges,  each  confi fling  of  a grain 
of  oxygenated  muriat  of  Pot-alh  finely  pow- 
dered and  mixed  with  an  equal  quantity  of 
flowers  of  fulphur,  were  exploded  by  mere 
trituration.  And  Mr.  Godfrey’s  relation  of 
the  danger  of  keeping  fuch  a mixture  in  2 
bottle  was  duly  noticed ; for  after  he  had 
kept  it  thus  for  lome  time,  he  found  that  it 
had  exploded  fpontaneoufly. 


Improved 
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Improved  proceffes  for  oxygeilated  murmtlc 
acid,  and  oxygenated  muriat  of  Pot-afh  were 
Ihewn  on  this  occafion,  the  particulars  of 
which  muft  be  transferred  to  the  publication 
of  the  next  year,  together  with  the  new  ob- 
fcrvations  made  on  thefe  curious  fubje<51s. 

During:  the  difcuirionof  the  character  and 
nles  of  this  acid,  a piece  of  grey  cotton  was 
bleached  in  the  courfe  of  a few  minutes,  and 
a piece  of  grey  linen  in  about  half  an  hour, 
in  the  manner  of  Bertholet. 

On  this  occafion  Mr.  Robinson  faid,  “ al- 
“ though  this  method  anfwers  for  Cotton, 
“ the  fibres  of  which  are  (lender  and  eafily 
“ blanched ; the  bleachers  of  Linen  do  not 
adopt  it.  For  they  have  found  by  expe- 
“ rience  that  in  the  time  necefifary  for'bleach- 
“ ing  the  coarfer  fibres  of  Linen,  the  acid 
“ Injures  the  texture  of  the  finer ; and  Li- 
“ nen  bleached  with  this  acid,  becomes  yel- 
“ low  in  the  alkaline  or  faponaceous  liquors 
generally  employed  in  wafliing.*’  This  he 
attributed  to  a partial  combuftion  by  the 
a61ion  of  the  oxygen,  in  conformity  with  the 
notions  of  Bertholet. 

The  experimenter  exprefifed  adoubt  whether 
this  elFed  ought  not  to  be  imputed  to  an- 
other 
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©ther  caufe  which  may  be  the  fubjccl  of 
future  inveftigation. 


^ About  this  time  experiments  on  the  fer--' 
mentation  of  melafiTes,  and  the  re£lificatIon  of 
the  fpirit,  were  carried  on.  But  it  was  not 
deemed  neceffary  that  any  thing  relative  to 
this  fubje£l  fhould  appear  in  the  minutes  of 
the  firft  fefiion. 

r ' 


- Whilfl  the  Printer  was  working  this 
page,  the  Experimenter  was  honoured  with 
a letter  from  Dodor  Powel.  As  it  relates 
to  the  corre£lion  of  an  error,  and  admits  of 
no  abbreviation,  the  Editor  begs  leave  to 
jnfert  it  in  this  place.  ' 

Dear  Sir, 

' “ My  refidence  at  Brighton  during  the 
fummer  months  prevented  me  from  availing 
myfelfof  the  general  offer  made  during  tha.t 
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' tUiife  to  the  Members  of  the  Society, 
fpeding  the  correftion  of  thofe  parts  of  the 
'minutes  in  which  any  of  them  were  parti- 
•cularly  concerned;  I am  therefore  highly 
obliged  by  the  indulgence  you- offer  me  at 
^this  advanced  J^erlod  of  the  publication,  and 
\vith  you  to  infert  any  part  of  the  following 
*ftatemeht  which  you  fliall  thiiik  fuited  to 
apologize  for  the  queftion  I‘propofed,  and  to 
explain  the  idea  under  which  I ventured  to 

interfeire.*  ■ ' .. 

Tn‘(bme  books  on  the  fubjeft  offiifpend- 
cd  animation,  I faw  that  the  deftrudion  of  ani- 
mal life,  wdiether  by  immeifiorl  in  carbonic 
acid  gas  or  in  water,  was  attributed  to  one 
'and  the 'fame  affe^fion.'of  the  fyftem,  and  I 
knew  the  opinion  of  fome  excellenc-  Philo- 
fophers  to'be  entirely  different — My  ownob- 
' fervatloh^of  feme  chance  Experiments  had 
only  gone  fe  far  as  to  afeertain  a very  material 
difference  in  the  time  in  which  its  diflblutioii 
was  brought  about  by  thefe  means  ; in  confe- 
quence  of  which  I fancied  that  an  atmof- 
phere  of  carbonic  acid  gas  did  more  in  the 
one  inftance  than  flmply  fhut  out  oxygenoUs 
■'gaS  from  the  Immerfcd  animal.  I drew  alfo 
"a  hmilaf  inference  from  Mr.  Lavoisier’s  a(^- 
■ count  of  the  respiration  of  oxygenous  gas  by 

Guinea 
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Gui.iiea  pigs  ; where  it  appeared  that  if  an 
animal  be  removed  from  a jar  of  oxygenous 
gas  which  he  has  in  a confiderable  degree  vi- 
tiated and  rendered  unfit  for  the  farther  fup- 
.port  of  life,  till  the  carbonic  acid  gas  formed 
during  his  expofure  is  abforbed  by  cauftic 
Alkali,  he  will  on  a fecond  immerfion  be  able 
to  exift  in  the  remainder,  which  he  could  not 
have  done  previous  to  this  abforption,  not- 
withftanding  the  prefence  of  a fufficient  pro- 
portion of  oxygenous  gas  to  fupply  his  n^- 
-ceffary  expenditure. — I confidered  that  if  an 
atmofphere  of  carbonic  acid  gas  ^d^^^foyed 
'.life,  only  by  the  exclufion  of  oxygen;  tjh^t  an 
animal,. expofed  in  a mixture,  equal  or  greater 
iim (its  quantity  of  Qxygen  than  atmpfpheric 
►air,  the  remainder  of  which  Aould  be 
• carbonic  acid  gas  inftead  of  azotic,  ought  to 
fubfift  therein  as  long  at  lead:  as  in  an  equal 
.quantity  of  air  from  the  atmofphere,  andj 
(made  the  following  experiment,  that  the  fa^ 
might  be  in  fome ^degree  afcertained. 

“;Exp.  I.— A full  grown  bird  was  immerf- 
ed  in  a mixture  of  i of  oxygenous  and  v pf 
. carbonic  acid  gas,  in  a veflel  fimilar  to  that 
.defcribed  in  the  minutes,  and  he  Survived  the 

- 'k 

imnaerfiou  hut  a few  lecguds. 
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I endeavoured  to  obviate  any  objection  that 
Jiiight  arife  from  the  greater  fpecific  gravity 
and  confequent  fubfidence  of  the  carbonic 
acid  gas,  by  fixing  a fyphon  to  the  cnd«of  a 
common  inje6ling  lyringe,  filling  it  with  wa- 
iter and  forcing  it  brifkly  up  the  veflel  pre- 
vious to  the  introdu6lion  of  the  bird,  and 
•thus  to  produce  their  intimate  mixture.  The 
animal  was  immediately  introduced,  and  as 
j immediately  afFedled,  do  that  no  alteration 
-could  have  taken  place  from  this  caufe  ; and 
even  if  there  had,  fuch  an  objedion  would 
tell  in  favor  of  the  conclufion  drawm  from  the 
Experiment;  for  the. partition  was  fohigh  up 
fill. the  veflel,. that  if  the  carbonic  acidigas  had 
.fubfidrd  into  an  inferior  flratum,  the  bird 
would  have  breathed  nothing  but  pure  . oxy- 
genous gas.  I thought  likewife  to  prevent 
the  carbonic  acid  gafleous  part  of  the  mix- 
Jture  from  being  fubtraded  by  -the  water,  by 
ipreviouflv  impregnating  it  with  a confiderablc 
quantity  in  Nooth’s  apparatus. 

“ Exp.  IT. — -A  mixture  of|- of  oxygenous  and 
r of  carbonated  hydrogenous  gas  vvas  made  in 
^thefame  veflel,  and  a bird  introduced  which 
died  inflantaiieoiifly  and  could  not  be  recovered, 
*‘..The  carbonated  hydrogenous  gas  was  pro- 
cured 
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'cured  from  powdered  charcoal  and  was  w^rfl- 
cd  over  lime  water,  to  remove  any  carbonfc 
'acid  gas  that  might  be  prefen t, 

“ This  experiment  was  made  with  a view 
' fo'afcertain  whether  Carbone  mod:  minutely 
divided  by  Iblution  in  hydrogenous  gas  wbuFd 
afFedi  animal  life,  for  this  was  the  only  irf- 
-greclient  in  the  mixture  that  could  produce 
‘any  efFedl  in  fo  fliort  a time;  fince  1 know 
from  another  experiment,  that  an  animal  will 
live  well  in  a mixture  which  contains  the 
fam&^ proportion 3 of  fimple  hydrogenous  and 
'oxygenous  gafles/’ 

“ The  pfOpOftlon  of  oXygenolis  gas  in  each 
experiment,  was  larger  than  was  necedary  to 
form  a mixture  of  the  ftandard  of  atmolphe- 
ric  air,  in  order  to  allow  for  impurities,  as 
the  gas  was  obtained  from  Nitre.’* 

“ Exp.  III. — The  fame  vedel  was  filled  at 
the  fame  time  with  the  fame  quantity  of 
common  air  from  the  Laboratory,  and  the 
bird  ufed  in  Experiment  I.  which  had  been 
'withdrawn  in  time  for  its  recovery,  was  In- 
troduced, and  fuffered  no  great  apparent  in- 
convenience during  five  minutes,  when  he 
was  liberated.”  » 

“ Here  and  in  the  experiment  with  firtiple 
. j by* 
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hydrogenous  gas,  the  veflel  was  agitated  over 
lime  water  to  'promote  the  abforption  of  the 
carbonic  acid  gas  fecreted  by  the  animal. 

“ The  experiment  which  you  have  done 
me  the  honor  to  record  as  mine  in  the  text,  was 
made  by  Mr.  Abernethy,  and  was  men- 
tioned by  me  becaufe  It  leemed  fufficlent  to 
decide  how  Ipafmodic  afFedtion  of  the  Larynx 
was  concerned. 

“ From  thefe  data  I prefumed  to  propofethe 
queilion  which  flands  Upon  the  minutes,  and 
I hoped  from  the  obfervations  of  the  Society 
to  obtain  fome  information  on  the  influence 
of  gaffes  in  general  upon  the  human  lyftem ; 
a fubjed  upon  which  I confidered  myfelf  as 
bound  to  enter  fomewhat  particularly  in  the 
Chemical  Ledtures  at  this  Holpital ; the  fingle 
performance  of  thefe  experiments  u as  fuffi- 
clent for  my  own  fatisfadtion,  and  I have  not 
chofen  by  a repetition  to  make  the  facrifice  of 
life  to  a lefs  laudable  motive  than  the  acqui- 
fition  of  knowledge. 

“ I am,  Sir,  with  great  refpedt, 

“ Your  obliged  humble  Servant, 

“ R.  POWELL. 

St.  Bartholomew's  Hnfpital, 

••  Dec.  2g,  1794." 

ML 
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MINUTES 


OF  THE 

TWENTIETH 

E E 1 N O AJJ 

EXTRAORDINARY  MEETING, 

At  NO  0 N,  ■ 

On  Tuesday,  June  17,  1794. 


Solar  Phofphoru 

Attempt  to  convert  Oil  of  ’Turpentine  into  Gajfes 
Water  and  Car  bo, 

Procefs  for  obtaining  Regulus  of  Manganefe^ 

A ROOM  was  painted  black,  and  pro- 
vided with  double  doors  and  Ihutters  to  ex- 
clude the  Light  compleatly.  To  keep  up  a 
free  circulation  of  air,  winding  tubes  of  large 
diameter  were  placed  near  the  floor  and  alfo 

near 
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hear  the  ceiling,  through  which  the  air  might 
tirculate  from  the  adjoining  room. 

On  the  caftern  fide,  a round  aperture  nine 
inches  in  diameter,  through  which  bodies 
might  be  prefented  to  the  Light  of  the  fky, 
was  provided  with  a valve  or  hanging  (butter 
lined  with  black  cloth,  by  means  of  which 
the  aperture  might  be  inftantly  tlofcd,  to 
prefent  the  bodies  in  a darkened  place,  when 
they  w'ere  withdrawn  from  the  Light. 

This  conftruftion  was  adopted  from  Mr, 
DeLaVai.,  in  whofe  houfe  Mr.  Wil- 
son’s experiments  on  Solar  Phofphori  were 
chiefly  made. 

The  fun  Being  clouded  at  this  Unfavour- 
able hour,  the  gentlemen  could  fcatcely  fee 
the  phofphorence  of  paper,  linen,  and  fome 
bthers  of  the  weaker  phofphori.  But  many 
of  the  Solar  Phofphori  of  Becaria  and 
Wilson,  when  c^uickly  returned  from  the 
Light  into  the  darkened  room,  and  viewed 
with  eyes  previoufly  prepared  for  weak  im- 
preflions,  by  the  darknefs,  were  diftindtly 
feen,  and  fufficiently  luminous  to  make 
the  neighbouring  objeiSts  vifible  for  many 
feconds. 

Some  fpecimens  made  of  Bolognian  Sul- 

Y 2 phat 
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pliat  of  Barytes  and  of  Cumberland  Sulphat 
of  Barytes,  and  thofe  made  of  the  materials 
of  Baldwin’s  and  Canton’s  Solar  Phofphori, 
by  improved  procefles,  were  fo  luminous  as 
to  enable  the  gentlemen  to  read  the  dials  of 
their  watches  or  large  print  placed  clofe  to 
the  lucid  body,  and  to  dlftinguifh  each  other 
at  a diftance.  Many  of  thele  fpecimens  were 
vilihly  luminous  for  ten  or  fifteen  minutes, 
after  being  expofed  to  the  external  light  during 
a fecond,  or  two  at  the  mod:. 

Bodies  of  other  kinds,,  which  become 
phofphorefcent  by  flight  jncal^fcence,  fuch 
as  green  fluor ; or  by  fri£lion,  fuch  as  HoM« 
berg’s  Phofphorus,  and  certain  Ores  of 
Zinc ; were  next  exhibited  in  the  darkened 
place. 

This  opportunity  was  taken  of  prefentlng. 
the  weak  and  luminous  combuflion  of  phof- 
phprus  of  Kunkel  in  air,  without  producing 
any  fenflble  heat ; and  the  gradual  increafe 
of  Light  and  luminous  vapour  attended  with 
incalefcepce,  whilfl:  the  temperature  of  the 
phofphorus  was  gradually  augmented  from 
60“,  to.  that  at  which  it  flamed  and  burned 
rapidly. 

The  phorphorefcence  of  agitated  feas,  of 

flfh;, 
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fifli,  of  rottentvood,  of  glow-<vorms,  and 
other  animals,  was  ranked  under  this  latter 
head,  and  reprefented  accordingly. 

Reference  was  made  to  the  books  of  the 
Laboratory  for  the  methods  of  preparing  the 
Solar  phofphori,  to  the  greateft  perfedion  ; 
and  during  the  exhibition  of  thefe  phenome- 
na, a folution  confiftent  with  the  foregoing 
notions  of  Caloric  and  Light  was  offered. 
But  thefe  particulars  muft  be  transferred  to 
the  minutes  of  the  next  year. 


An  attempt  was  made  to  convert  oil  of 
Turpentine  into  gaffes.  Vapour  and  Carbo, 
by  Caloric  only.  The  apparatus  was  con- 
trived to  pafs  the  vapour  of  the  oil  through, 
fix  fucceffive  three  inch  columns  of  white 
quartofe  fand  intenfely  heated,  and  to  fave 
the  produds.  But  an  accidental  failure  of 
the  apparatus,  foon  after  the  experiment  was 
commenced,  rendered  it  improper  to  offer 
any  report  on  this  fubjedl. 


Y j During 
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D uring  the  redu(^lion  of  the  Native  Oxyd, 
called  Manganefe,  to  the  metallic  ftate,  and 
the  formation  of  the  Regulus  of  Manganefe, 
the  rules  for  the  Conftrudlion  of  Furnaces, 
and  for  exciting  the  greateft  heat  from  Coak, 
>\'ere  explained  and  pradlically  exemplified. 

The  extraordinary  meafures  required  for 
this  redu(9:ion,  being  fhewn  j the  fingular 
property  of  this  Regule  to  become  oxydated 
in  the  air,  without  the  aid  of  heat,  and  from 
the  haidnefs  of  Caft  Iron,  to  fall  into  fine 
powder  in  a few  hours,  was  exemplified. 


MINUTES 


OF  THE 

TWENTY-FIRST  MEETING, 

O N 

Saturday,  June  21,  1794, 

’Experiments  Jhewing  the  Rath  in  which  the 
ILlaJiicliy  and  Denjlty  oj  the  Gajfes  are  aug^ 
mented  with  the  CompreJJing  Forces.  And 
Inferences  concerning  the  relative  Dijtances  of 
the  Central  Particles. 

Experiments  f jewing  the  'Methods  of  Meafurlng 
the  Specific  Gravities  of  Solids,  Fluids  and 
Gajfes. 

Attempt  to  Decompofe  Water  hy  Caloric  only. 

Formation  of  Nitrous  Acid  from  Oxygen  Gas 
and  Azotic  Gas. 

Obfervaiions  of  Dr.  Latham, 

A MEASURED  quantity  of  air  was  in- 
troduced into  an  inftrument  fimilar  to  that 
of  Lavoisier,  pa^e  408,  in  which  it  might 
he  comprefled  with  a weight  equal  to  that 

y 4 of 


( 344  ) 

of  four  atmofpheres,  by  an  high  column  of 
mercury.  By  experiments  with  this  inftru- 
ment  it  appeared  agreeably  to  the  ftatement  , 
of  Sir  Isaac  Newton,  that  the  fpaces  oc* 
cupied  by  the  air  were  inverfely  as  the  com- 
prefTing  forces,  and  the  denfities  of  the  com- 
prefled  air  diredlly  as  the  corppreffing  forces. 

His  demonfiration  of  the  ratio  of  the  re- 
pulfon  of  the  particles  at  different  difrances 
of  their  centers  being  adopted  ; inferences 
were  drawn  Irom  this  experiment  and  others 
formerly  made  on  fimple  fluids,  in  refped  to 
the  charges  of  Caloric  by  which  the  particles 
of  Elaftic  fluids  are  made  to  repel  each  other. 
The  particulars  of  thefe  fubjeifls  are  unavoid- 
ably deferred. 

The  methods  of  meafuring  the  fpecific 
gravities  of  gafles,  of  folids  and  fluids,  by 
the  inllrumcnts  deferibed  by  Lavoisier,  in 
relptct  to  the  gafles,  and  in  Nicholson’s 
Philofophy,  in  regard  to  the  ether  fubjeTs, 
were  exhibited  and  pracliled  in  a variety  of 
inflances. 
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An  experiment  was  made  to  determine 
whether  any  change  could  be  produced  in 
water,  by  palling  the  •vapour  through  fuc- 
ceffive  columns  of  pure  white  quartofe  fand 
previoufly  heated  beyond  thedegree  neceffary 
fpr  the  fulion  of  fteel. 

An  earthen  veflel  of  fingular  ftru£lure- 
was  uied  for  this  purpofe,  but  it  opened  at 
the  Potter’s  jundlure,  in  confequence  of  the 
intenfe  heat,  and  the  experiment  failed* 


A very  large  and  powerful  Papin’s  digeflor, 
provided  with  a valve  and  lever,  and  charged 
with  two  quarts  of  water,  W'as  ftrongly  heat- 
ed, and  employed  to  Ihew  the  force  of  fleam, 
the  degrees  to  which  water  and  its  vapour 
may  be  heated  in  clofe  veflels,  and  the  fa(^s 
quoted  by  Dr.  Crawford  from  Dr.  Black, 
on  this  fubje<5t. 


Mr.  Cavendish’s  important  experiment 
for  the  decompofition  of  oxygen  gas  and 

azotic 
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azotic  gas,  and  the  formation  of  their  bafes 
into  Nitrous  acid,  concluded  the  experimental 
bufinefs  of  the  feflion ; but  being  carried  on 
for  an  hour  only,  is  not  to  be  further  noticed 
iij  thefe  minutes. 

Whilft  the  Ele£lrical  fparks  were  a(fling  in 
the  apparatus  for  the  compofition  of  water, 
and  in  the  azotic  and  oxygenous  gaffes  of  the 
laff  mentioned  Experiment ; “ Dr.  Latham 
informed  the  Society  that  he  had  made  a 
“ difcovery  which  might  become  important, 
‘‘  with  refpecff  to  the  phenomenon  which  is 
“ generally  called  the  Eleclrlc  fpark.  He 
“ obferved  that  the  appearance  \vhich  is 
ufually  denominated  the  Eleftrical  fpark, 
“ is  not  Eledrlcal,  but  Is  actual  Fire  produced 
“ from  the  decompofition  of  any  aeriform 
Elaflic  fluid.  That  it  is  extricated  and 
appears  in  the  form  of  Flame,  in  confc- 
“ quence  of  an  eledive  attradlion  takino- 
place  between  the  Eledric  matter  and  the 
“ balls  of  the  elaflic  fluid,  to  the  exclufionof 
the  Fire  which  was  combined  with  it.  He 

“ ftated,  In  proof  of  his  doctrine,  that  the 
“ fpark  Is  only  feen  in  the  line  of  dlredlon 
‘‘  as  it  paffes  from  point  to  point  througli  an 
‘‘  Elaftic  duid  j and  that  as  the  air  is  withy 

“ drawn, 
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drawn,  in  the  receiver  of  an  air  pump,  the 
fpark  appears  lefs  vivid,  io  that  in  a va- 
“ cuum  there  is  no  evidence  of  Fire  at  all  ; 
“ and  yet  that  a veflel  may  be  charged  with 
the  Eledtric  fluid  which  fo  pafles  from  point 
to  point,  although  it  does  not  manifefl:  its 
paflageby  the  common  appearance offparks. 
“ He  alfo  ftated  that  he  was  particularly 
Induced  to  think  upon  the  fubject  from 
obferving  the  experiment  for  the  formation 
“ of  water  repeated  before  this  fociety ; where 
the  hydrogenous  gas  takes  fire  upon  the 
difcharge  of  Eledlric  matter,  when  from 
“ many  circumflances  he  had  previoufly 
convinced  himfelf  that  Eleflric  matter  had 
little  or  no  analogy  with  it. 

“ He  exprefled  himfelf  fanguing  in  the 
‘f  hope  that  many  improvements  in  philofo- 
“ phical  purfuits  might  be  derived  from  his 
“ difcovery,  and  particularly  inflanced  the 
“ theory  of  Lightning  and  Atmofpheric  me- 
teors,  of  fubterraneous  fires  and  tepid 
“ fprings  and  earthquakes ; and  mentione4 
fome  other  important  matters  which  might 
i*  hereafter  probably  receive  elucidation  from 
a knowledge  of  the  fad  which  he  com- 
municated. 


He 
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He  alfo  contended  that  if  the  fpark  real- 
**  ly  iffued  as  he  fuppofed  from  the  decom- 
“ pofed  elaftic  fluid,  that  there  might  be  pof- 
“ flbly  found  a method  of  tranfmitting  the 
“ Eledric  matter  in  fuch  a manner  through 
Ample  gaffes,  as  at  lafl;  to  exhibit  oxygen, 
hydrogen,  and  azot  in  a folid  form. 


r 


RESO- 


RESOLUTIONS 

TERMINATINC 

The  SESSION. 


Var  10 US  Members  having  addrefled 
the  Chairman  to  the  following  effed:,  the 
fociety  refolved  unanimoufly  ; 

I.  That  the  thanks  of  this  fociety  be  pre- 
fented  to  Marfhal  Conway. 

That  the  thanks  of  this  fociety  bepre- 
fented  to  Sir  Frederick  Eden,  Sir  John 
Ingelby,  and  Dr.  Latham,  Deputy  Chair- 


men* 

3*  That  the  thanks  of  this  fociety  be  pre- 
fented  to  Mr.  Grubb,  and  Mr.  Taylor, 
Secretaries, 

4.  That  the  thanks  of  this  fociety  be  pre- 
fented  to  Dr.  Higgins,  Experimenter. 

5.  That  the  thanks  of  this  fociety  be  pre- 
fented  to  Mr.  Johnson,  Mr.  Young,  and 
Mr.  Crevel,  Affiftant  Experimenters. 

6.  That  the  thanks  of  this  fociety  be  pre- 

fen ted 
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lented  to  the  members  who  have  taken  ati 
illative  part  in  the  experiments  and  converfa- 
tions. 


7:  That  a letter  of  thanks  be  written  by 
the  Secretary,  in  the  name  of  the  fociety,  to 
each  of  the  members  who'  hav6  patronized 
this  inftitution  and  fitpported  it  by  their  fnb- 
fcriptions,  tinder  circumftances  which  pre- 
vented them  from  attending  at  the  meetingsi 

8.  That  an  abfl:ra(5t  of  the  minutes  of  this 
fociety  be  made  and  publifhed  by  the  Ex- 
perimenter, in  fuch  manner  as  a Committee 
of  Publication  fliall  think  proper^  and  that 
the  Committee  have  full  power  to  regulate 
all  matters  tefpeding  the  expence  of  the 
publication. 

9.  That  the  Committee  conlift  of  the  fol- 
lowing members. 


Sir  F.  Eden,  Bart. 
Sir  John  Irigelby, 
Bart.  . . 

Mr.  Coxwell 
Mr.  I.ewis 
Mr.  J.  Johnfon 
Mr.  Symmons 
Mr.  Godfrey 


Mr.  Partington 
Df.  F^owel 
Governor  Defharres 
Mr.  Allen 
Mr.  Hill 
Mr.  Robin fon 
Mr.  Young 


And 


, ( > 

And  the  other  Members  whom  they  fhall 
nominate, 

10.  That  every  member  be  confidered  as 
a fubfcriber  to  the  fefhon  of  the  next  year, 
unlefs  notice  to  the  contrary  be  given  to  the 
Secretary  or  the  Experimenter. 

11.  That  the  feffion  of  this  year  be  now 
clofed* 


h 


tn  the  Committee  of  Publication^  held  on  the 

of  July,  1794, 

V 

It  was  Refolved  unanimoufly, 

..T  HAT  the  title  of  the  intended 
Publication  be,  Minutes  of  the  Society  for  Phi- 
lofophical  Experiments  and  Converjations,  infi~ 
i Hied  in  London,  January  2 ^,  1794* 

2.  That  the  experimenter  be  requefted  to 
announce  in  a preface  to  this  work,  the  par- 
ticulars of 'this  inftitution,  the  lift  of  mem- 
bers, and  the  Refolutions  of  the  25  th  of 
January,  1794. 

3.  That  the  minutes  be  publiftied  as  nearly 
as  may  be  convenient,  intheprefent  hiftorical 
order,  and  be  confined  to  the  fubjedls  which 
were  mentioned  in  the  Society. 

4.  That  the  quotations  made  at  the  meet- 
ings of  the  Society,  of  improved  procefles  or 
fads  deferibed  in  the  Numerical  book  of  the 
Laboratory,  be  inferred  as  part  of  the. mi- 
nutes. 


5.  That 


'(  373  ) . . .,  , . . 

That  fuch  drawings  as'  may  be  ne- 
fceflary  to  illuftratc  the  fubje6ts  of  the  work, 
be  made  and  engraved*  • 

6.  That  experiments  prdving  the  fame 
propofition,  although  neceflarily  made  at  dif- 
ferent meetings,  may  be  drawn  together  in 
the  minutes  of  either  of  thefe  meetings,  to 
abridge  the  defcriptions  and  the  reafohing. 

7.  That  the  Nomenclature  of  Lavoisier 
be  adopted,  as  far  as  it  may  be  neceflary  ; and 
tintil  the  Society  fhall  have  eftabliflled  fuffi- 
bient  fafts  to  warrant  a revihoni 

8.  That  the  Committee  of  publication 
meet  on  Thurfdays  at  fix  o’clock  in  the 
bvening. 


The  experimenter  being  indifpofed  in  July 
and  Auguft,  and  the  members  being  out  of 
town  for  fome  time  afterwards,  there  was  no 
meeting  until  the  23d  of  Oiftober ; when, 
the  manufcript  minutes  of  the  five  firfl:  meet- 
ings being  read,  the  experimenter  was  defired 
to  proceed. 

The  next  meeting  of  the  Committee  was 
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held  on  the  1 8th  of  December,  1794.  The 
printed  fheets  to  letter  L,  inclufive  were  read 
by  the  experimenter. 

The  Committee  ordered  that  thefe  fheets 
be  fent  to  Dr.  Powel  and  Sir  Frede- 
EicK  Eden,  with  a requeft  that  they  make 
fuch  corredlions  as  may  bie  inferred  in  a pagp 
of  errata. 

The  Committee  then  refolved  “ That  the 
“ meetings  of  the  Society  for  the  enfuing 
“ year  (hall  commence  on  Saturday  January 
“ 3 id:,  1795,  and  that  due  notice  be  givep 
‘‘  to  the  members.” 

The  Committee  adjoprned  to  the  Labora- 
tory, and  examined  the  water  which  was 
compoied  in  the  manner  defcribed  in  the  mi- 
nutes. They  found  it  to  be  perfectly  free 
from  acid,  but  to  have  a (light  flavour,  which 
to  lome  refembled  that  of  Ipermaceti,  but  to 
pthers  that  of  water  into  which  a drop  of 
tnelted  tallow  had  fallen. 

The  experimenter  oblerved  that  this  fla- 
vour came 'from  the  Tallow  with  which  the 
fhoulders  of  the  cocks  and  the  collar  of  Lea- 
thcrb,  and  the  glals  ftop[)erb  tnufl:  neccflarily 
be  greafed. 

Sjr  Frederick  Eden’st  engageinenfs  pre- 
vented 
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yented  him  from  looking  over  the  Copy  ; aqd 
Dr.  PoWEL,  who  obligingly  fent  a lift  of 
Typographical  errata,  a$  far  as  page  162,  of 
this  work,  was  called  oyt  of  town,  and  pre- 
vented from  feeing  the  remainder  until  it  was 
publiflied. 

It  is  fcarcely  neceflary  to  add,  that  the 
Editor  could  not  perceive  the  Typographical 
errors  or  even  the  errors  in  diflipn;  becaufe 
his  corredions  of  the  prefs  were  neceflarily 
made  immediately  after  the  copy  was  writ- 
ten, and  whilft  it  was  fo  freftr  in  his  memory, 
{hat  he  almoft  had  it  by  heart. 

The  impcrfedlons  and  errors  of  a publica- 
tion made  under  thefe  circumftances,  are  im- 
putable to  the  Editor  only,  and  will  be  for- 
given. But  for  the  future,  the  compleat 
Copy  rauft  be  laid  before  the  Committee  of 
Publication,  to  be  reyifed  aud  correded  at 
their  leifure. 
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